


Central Avenue

Engine

BN 7895
Beginning
0:22
Direction
Eastbound
Westbound

Direction

NB

End

2:14

Total Delay
2192 secs
1550 secs

E;ntral Avenue

Engine

Up 2742
Beginning
0:30
Direction
Eastbound
Westbound

Direction

SB

End

3:26

Total Delay
2362 secs
1114 secs

Central Avenue

Engine

UPp 3329
Beginning
0:31
Direction
Eastbound
Westbound

Direction

NB

End

6:45

Total Delay
13861 secs
21545 secs

Central Avenue

Engine

SF 3680
Beginning
0:34
Direction
Eastbound
Westbound

Direction
SB

End

2:04

Total Delay
308 secs
458 secs

Cer..xal Avenue

Engine

CK 2233
Beginning
1:33
Direction
20
Eastbound

Direction

NB

End

4:43

Total Delay
4538 sece
7306 aece

37th Street
Engine

UP 1095
Beginning
2:47
Direction
Eastbound
Westbound

Monday
Direction
NB
End
1:08
Total Delay
0 secs
0 secs

Wednesday
Type
Grain
End Warning
2:21
Total Vehs.
29
24

Wednesday
Type
Local
End Warrning
3:38
Total Vehs.
17
8

Wednesday
Type
Manifest
End Warning
“:06
Total Vehs.
55
101

Wednesday
Type
Local
End Warning
2:15
Total Vehs.
S
S

Wednesday
Type
Local
End Warning
4:58
Total Vehs.
24
48

3/10/97
Type
Unknown
End Warning
1:19
Total Vehs.
0
3

3/12/97
# cars
78

Max Queue
18
15

3/12/97
# cars
43

Max Queue
17
8

3/12/97
# cars
80

Max Queue
55
81

3/12/97
# cars
20

Max Queue
4
5

3/12/97
# care
54

Max Queue
22
42

12:37 PM
# cars
0

10:30 AM
speed
28.2 mph

Av. Veh. Delay
1 min 15 secs
1 min 4 secs

6:50 AM
speed
0 wmph

Av. Veh. Delay
2 min 18 secs
2 min 19 secs

8:48 AM
speed
8.9 mph

Av. Veh. Delay
4 min 11 secs
3 min 32 wsecs

8:48 AM
speed
9.9 wmph

Av. Veh. Celay
i min 1 wsecs
1 min 31 secs

9:11 AM
speed
10.2 mph

Av. Veh. Delay
3 min 9 secs
2 min 31 a@eecs

speed
0 mph

Av. Veh. Delay
0 min 0 secs
0 min 0 secs

Preliminry Mitigation Plan

“Wickita Mitigetion Study



Pawnee Road
Engine

UP 3829
Beginning
0:37
Directi.n
Eastbound
Westbound

Thursday

Direction

SB

End

3:00

Total Delay
7886 secs
8758 secs

Pawnee Road
Engine

CNW 5502
Beginning
0:36
Direction
Eastbound
Westbound

Monday

Direction

NB

End

5:55

Total Delay
25372 secs
16554 secs

Pawnee Road
Engine

Up 222
Beginning
0:36
Direction
Eastbound
Westbound

Thursday

Direction

NB

End

0:44

Total Delay
554 secs
328 secs

Pawnee Road
Engine

UP 2210
Beginning
0:24
Direction
Eastbound
Westoound

Thursday

Direction

SB

End

0:43

Total Delay
306 secs
460 secs

13th Street
Engine

Up 2210
Beginning
0:40
Direction
Eastbound
Westbound

Tuesday

Direction

NB

End

1:38

Total Delay
985 secs
516 secs

13th Street
Engine

UpP 2742
Beginning
0:31
Direction
Eastbound
Westbound

Tuesday

Direction

SB

End

1:16

Total Delay
519 secs
424 secs

3/13/97
Type
Manifest
End Warning
3:08
Total Vehs.
S1
78

3/10/97
Type
Empty Grain
End Warning
6:02
Total Vehs.
87
76

3/13/97
Type
Light
End Warning
0:48
Total Vehs.
16
9

3/13/97
Type
Local
End Warning
0:49
Total Vehs.
8
17

3/11/97
Type
Local
End Warning
1:44
Total Vehs.
17
6

3/11/97
Type
Local
End Warning
1:22
Total Vehs.
9
8

Max Queue
51
1]

7:03 PM
# cars
103

Max Queue
87
6S

2:24 PM
# cars
2

Max Queue
[
9

speed
18.1 mph

Av. Veh. Delay
2 min 34 secs
1 min 52 wsecs

speed
13.2 wmph

Av. Veh. Delay
4 min 51 eecs
3 min 37 secs

speed
0 mph

Av. Veh. Delay
0 min 34 secs
0 min 36 wsecs

speed
17.1 mph

Av. Veh. Delay
0 min 37 secs
0 min 26 secs

speed
13.5 mph

Av. Veh. Delay
0 min 57 secs
1 min 25 secs

speed
0 mph

Av. Veh. Delay
0 min 57 secs
0 min 52 wsecs

Preliminary Mitigation Plan




13th Street
Engine

UP 2237
Beginning
0:40
Directisn
Eastbound
Westbound

Tuesday

Direction

NB

End

2:46

Total Delay
1784 secs
2597 secs

13th Street
Engine

SP 8017
Beginning
0:54
Direction
Eastbound
Westbound

Tuesday

Direction
SB

End

6:27

Total Delay
8636 secs
12416 secs

MacArthur Avenue

Engine

UP 259
Beginning
0:48
Direction
Eastbound
Westbound

Direction

NB

End

4:10

Total Delay
7053 secs
9912 secs

MacArthur Avenue

Engine

UP 9402
Beginning
0:26
Direction
Eastbound
Westbound

Direction

NB

End

3:15

Total Dela/
2658 secs
2668 secs

MacArthur Avenue

Engine

UP 9020
Beginning
0:40
Direction
Eastbound
Westbound

Direction

SB

End

4:24

Total Delay
8366 secs
3270 secs

3/11/97
Type
Local
End Warning
2:52
Total Vehs.
25
20

3/11/97

Type

Manifest

End Warning

6:36

Total Vehs. Max Queue
45 39
S5 49

Friday 3/14/97
Type # cars
Manifest 94
End Warning
4:11
Total Vehs. Max Queue
48 43
72 70

Friday 3/14/97
Type # cars
Empty Grain 78
End Warning

3:17
Total Vehs. Max Queue
41 20

21 20

Friday 3/14/97
Type # cars
Grain 100
End Warning
4:25
Total Vehs. Max Queue
63 48
25 21

speed
17 mph

Av. Veh. Delay
1 min 10 secs
2 m‘n,9 secs

speed
11.6 mph

Av. Veh. Delay
3 min 11 secs
3 min 45 secs

3:07 PM
speed
17.6 mph

Av. Venh. Delay
2 min 26 secs
2 min 17 secs

4:34 PM
speed
19.8 mph

Av. Veh. Delay
1 min 4 secs
2 min 6 secs

6:29 PM
speed
18.7 mph

Av. Veh. Delay
2 min 12 secs
2 min 10 secs




Average Vehicle Spacing Data

The following table summarizes the vehicle spacing and data gathered in Wichita. This data was

used for model calibration and to calculate maximum queue lengths.

Crossing

Queue
Length

Number of
Vehicles

Number
of Lanes

Spacing
(ft./veh.)

13th Street

90

4

|

225

13th Street

130

9

289

13th Street

218

17

25.6

13th Street

315

17

2
2
2

315

MacArthur

235

10

235

MacArthur

23

10

23.0

Central

10

25.0

Central

260

10

26.0

Central

10

26.5

Central

10

24.0

Mean

25.6

Weighted Av.

25.1
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Appendix G
PEDESTRIAN SAFETY

Wichita residents expressed concern that the addition of trains could potentially affect
pedestrian safety, especially where schooi children are involved. Currently, UP tracks bisect the
boundaries of 11 Wichita elementary schools. The SEA study team sent a list of questions to
Wichita Unified School District 259 requesting detailed student route information (i.e., where
students walk to school and where they are most likely to encounter railroad crossings). The school
district returned the questionnaire, along with the school board’s Provision of Transportation
Services Because of Hazardous Traveling Conditions. The policy determines the location of
hazardous traveling conditions and authorizes transportation services for students who must trave!
these routes. The SEA study team compiled the number of students in Wichita elementary schools
required to cross the UP Wichita-Chickasha rail line and categorized this information by school,
number of students, total crossings, and the roadway crossings utilized. These data can be found
on the following pages.




Appendix G
SEA Study Team Questions to Unified School District 259 and Answers

How many students walk to each of the following schools?

North High 803
Hamilton Middle 422
Marshall Middle 409
Franklin Elementary 178
Gardiner 217
Horace Mann 366
Ingalls 225
Irving 330
L’Ouverture 85
Lincoln 188
Park 144
Riverside 158
Washington 216
Woodland 193

For each of these elementary schools, do you have a site plan showing the school’s location
and entrance locations? Yes, we have plans attached.

How many residential units are served by each school? We do not have that information.

What is the school district’s average number of pupils per residential unit? We do not have
that information.

For the following questions, please list the requested information tabularly. Results are
shown in Table 1 below.

Of the total students who walk to each school:

a. How many students at each school specifically cross the UP OKT Sub Branch?

b. How many students at each school specifically cross the UP Hutchinson Branch?
¢. How many students at each school specifically cross the BNSF-East Branch?
d. How many students at each school specifically cross the BNSF-West Branch?

Does the school district have official walking routes that students are instructed to follow?
No. Do these students follow them? No.

Preliminary Mitigation Plan




What are the official routes across thc UP Railroad’s OKT Sub Branch? There are none.

Based on your knowledge of the walking patterns of students at each school, what would you
say are the “unofficial” walking routes for students who walk to each school who must cross
the UP OKT Branch? Can you trace that on a map of the area for us? 7his is a parental
decision.

What is the school district’s specific policies and criteria for Level 1 and Level 2 Hazards that
are used in determining the number of students requiring school bus transportation services”
Copies of these policies are attached.

Table 1: Number of Students Who Walk—by Location, by School

Students required
to cross
BNSF-West
Branch

35
37
6
0

75

24
3
10
5

0

16

Riverside 4
Washington 10

Woodland 0
e A S ST
May be less than total of the first four columns if some students cross more than one rail line

Preliminary Mitigation Plan



Auxiliarl Services

P7330 PROVISION OF TRANSPORTATION SERVICES

BECAUSE OF HAZARDOUS TRAVELING CONDITIONS

BOARD POLICY:

Pupil transportation services will be provided elementary and middle
school pupils who reside less than two and one-half (2 1/2) miles from
their assigned attendance center when the administration determines that
hazardous traveling conditions exist and the Board of Education
authorizes such services. Such Board action shall specify the hazardous
conditions which justify transportation services provided by the district.
The extent of transportation services to be provided shall be determined by
the Board on the basis of available funds. Notwithstanding the foregoing
and upon authorization of the Board of Education, high school pupils
residing less than two and one-half miles from their assigned attendance
center, and under otherwise hazardous traveling conditions, will be
permitted to utilize seating on existing bus routes to the extent available.
Priority in the allocation of such existing seats will be give first to ninth
and tenth grade pupils.

Administrative Implemental Procedures:

3

The administration will make recommendations regarding the existence of hazardous
traveling conditions.

Hazardous traveling areas are defined as those areas where pupils in walking to and from
school are:

a. Required to walk on roadways where the posted speed is 35 miles per hour or more,
other than crossing at signal lights and intersections. This would include areas where
there are no surfaces on which to walk safely other than the roadway, i.e., no
easement, paths, or sidewalks are accessible.

Required to cross four or more consecutive lanes where the posted speed is 35 miles per
hour or more, lack of pedestrian controlled or automatically controlled crosswalks, and
heavy traffic flow—32,000 vehicles or more on an average daily count taken by the
Traffic Engineering Department of the City of Wichita.

Required to cross two or more adjacent railroad tracks where the posted speed is 35
miles per hour or more, lack of pedestrian controlled or automatically controlled
crosswalks, and moderate or heavy traffic flow—23,000 vehicles or more on an average
daily count taken by the Traffic Engineering Department of the City of Wichita.

d. Required to cross bridges where there is no pedestrian walkway.

If the hazard is on the most direct route and an alternate route without hazard is
available, hazardous transportation will not be provided.

Recommendations to provide transportation services for pupils who reside less than two
and one-half miles from their assigned attendance area shall be made on the basis of the
hazards involved.

(over)




P7330

S. When the administration determines the specific hazard identified by the Board to justify
providing transportation services has been rectified, Transportation Services shall notify
the appropriate building administrator. The building administrator shall have ten
working days in which to notify the lawful custodians of the pupils involved. Elimination
of transportation service shall occur 45 days after notification to the lawful custodians. If
the administration believes a new hazardous condition has developed in the interim, the
issue shall be placed on a Board agenda for determination.

Administrative Responsibility: Transportation Services
Latest Revision Date: November 1992
Previous Revision Date: September 1988
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Appendix H
TRAIN-VEHICLE ACCIDENT RISK CALCULATIONS

The SEA study team calculated the risk of accidents at grade crossings using a standard
method developed by the Federal Railroad Administration (FRA). The method, described in
Summary of the DOT Rail-Highway Crossing Resource Allocation Procedure—Revised, calculates
the risk of an accident at a grade crossing based upon the characteristics of the grade crossing and
statistical information on accident experience at grade crossings. The methcd "ises three formulas.

First, the SEA study team calculated an initial predicted number of accidents per year at each
crossing (a) using the following formula. The FRA maintains databases that are an inventory of
grade crossing characteristics and a record of accidents and incidents at grade crossings. The first
formula below is the result of a detailed analysis of the traffic accident and grade crossing
information from the FRA databases.

a=KxEIxDTxMS- ‘x HL

Where: a= acciden dicted number of accidents per year

K= constant—basic .. .dent prediction formula constant

EI= exposure index—factor based on the product of the number of highway
vehicles and trains per day

DT = daylight trains—factor for the number of through trains per day during
daylight

M., = maximum speed—factor for maximum timetable speed

MT = main tracks—factor for number of main tracks

HP = highway pavement—factor for paved highway

HL = highway lanes—factor for number of highway lanes

Second, the team used the following formula to account for actual accident history at the
crossing and calculate the weighted average of the predicted accident rate (B). Because the FRA
data cannot describe the precise characteristics of each crossing, such as sight distances, the
calculation of predicted accident rates is improved by adding actual accident experience at a grade
crossing. The results of the first formula are an input to the second formula below, which averages
the initial predicted accident rates for a grade crossing with the actual experience. The FRA
recommends that actual accident experience be limited to the past five years, as characteristic of the
grade crossing may have changed such that earlier experience is not representative of future

expected rates.

B=_1T, (a) +_I__ (N/T)whereT,=1/(0.05+a)
L.*7 T,+T




B = weighted average of predicted accident rate and actual accident history
T=  number of years of recorded accident history

T,= weighting factor in DOT accident prediction formula

N = number of accidents recorded for a crossing ifi T years

Third, the team considered the type of grade crossing warning device, which affects the
accident rate, and calculated the total predicted accident rate using the following formulas. The
result of the second formula is an input to the third formula, which applies a constant that adjusts
for the type of warning device at the crossing.

A = 0.8239 x B for passive devices
= 0.6935 x B for flashing lights
= 0.6714 x B for gates

. The values shown in the third formula are updated from the ones included in the original
report, and are drawn from a more-recent report, Highway-Rail Crossing Accident/Incident and
Inventory Bulletin No 18, Calendar Year 1995. They were developed in 1992 and are the values
currently in use.

For the Wichita Mitigation Study, FRA provided the study team with the information from
their databases on grade crossing characteristics and accident data for Kansas. Study team members

- met with FRA staff several times to review the information and clarify its application to the study.

Attachment H-1 is an example of the information for grade crossing characteristics shown
for one crossing. The study team reviewed the grade crossing information to verify its accuracy
and, where necessary, made corrections based upon observations in the fieid.

Attachment H-2 is an example of the accident records for one accident. As the FRA
recommends, the study team used accident data only from the most recent five years.

Information on the numbers of trains and the time of day that they run was drawn from the
study team’s analysis of train operations, described in Appendix D. UP provided information on
the maximum timetable speseds in effect for both pre-merxer and post-merger conditions.

Highway traffic volumes were the same ones calculated by the study team for use in the
analysis of all impacts. Their derivation is described in Appendix E.

The formulas, FRA information, and other information on the characteristics of grade
crossings in Wichita and Sedgwick County allowed the study team to calculate the predicted
accident risk for different conditions and to compare them. The study team used this same method
to assess accident risk for both pre- and post-merger conditions and to calculate the effectiveness
of each mitigation measure that would affect train-vehicle accidents. Attachment H-3 is an example
of the calculations.

Preliminary Mitigation Plan




B-1
U.S. DOT-AAR caossxuo mveutocv INFORMATION PAGE 387
OF 01/264/97
FOR tuE STATE OF KANSAS

CROSSING NUMBER: 445105V EFFECTIVE DEGIN-DATE OF RECORD: 10/901/92

PART I LOCATION AND CLASSIFICATION OF ALL CROSSINGS

RAILROAD: Union Pacific Rallroad Company DIVISION: KANSAS SUBDIVISION: HUTCHINSO
STATE, KANSAS COUNTY s SEWICI COUNTY MAP REF. NO.: 71
NEAREST CITY: WICHITA HWY TYPE AND NO.
OR ROAD NAME WIDOCI ST RAILROAD I.D. NO. 1 S4970L0000 FRA RR NETWORK LIC: MP281
At “‘alnﬂ OR LINE NAME: RAILROAD MILEPOST: 0484.73

PART I DETAILED INFORMATION FOR PUBLIC VENICULAR AT ORADE CROSSINGS

TYPICAL NUMBER OF DAILY TRAIN MOVEMENTS: & DAY THRU ¢ DAY SWITCHING 0 NIGHT THRU 4 NIGHT SWITCHING
MAXINUM TIMETABLE SPEED 2' TYPICAL S'E!l RANGE OVER CROSS!M FROM 00 TO 20 MPH
TYPE AND NUMBER OF TRACKS: 1 MAIN _ 0 OTHER
DOES ANOTHEK RR OPERAFE A SEPARATE TRACK AT CROSSING! NO
DOES ANOTHER RR OPERATE OVER YOUR TRACK AT CROSSINGT NO
TYPE OF MARNING DEVICE(S) AT CROSS n
SIONS: 0 REFLECTORIZED CROSSBUCK(S m'REFLECYOIllED CROSSBUCK(S)
QI'MOMID HIOWMAY STOP Sl‘“(S) Olm STOP SIGN(S
OT:ER_SION(S)! THER SIONS»
- lC"VA'l’!D W—— g ".1?ﬂv?a'g'rtgﬁgoﬂg?s“wn TRAFFIC LANES © cxgﬂtga:%'rﬂgm LIOHTS N
TS NOT OVER TRAFFIC LANE
MAST MOUNTED FLA SN!M llﬂl s 00 FLASHINOG ll TS,
0 HIOHWAY TRAFFIC SIONA ® NIMOS 1 BELLS
SPECIAL WARNING DEVICES NOT 'llll“ ACTIVATED: mz
IS COMMERCIAL POWER AVAILABLE?
DOES CROSSING SIONAL PROVIDE S'l!l SElECYlOﬂ FOR TRAINST NO
METHOD OF SIGNALLING FOR TRAIN OPERATION: IS TRACK EQUIPPED WITH SIONALST NO

PART III PHYSICAL DATA

TYPE OF l!VElOPNEIT: COMMERCIAL
SMALLEST CROSSING A 60 TO 90 DEGREES
NUMBER OF TRAFFIC uues CIOSS!NO RAILROAD: 2
PULLOUT LANES PRESENTY o
PAVEMENT MA ”V!.; gngllNES AND RR CROSSINOG SYM!
BOLS
ARE RR ADVANCE MARNING SIONS PRESENT? YES
CROSSING SURFACE: SECTIONED TIMBER
DOES TRACK RUN DOWN A SIIEE" NO
NEARBY INTEPSECTING HIGHMAY? YES

PART IV HIOHWAY DEPARTMENT INFORMATION

HIGHWAY SYSTEM: NON-FEDERAL -AID
IS CROSSING ON STATE HIGHWAY SYSTEM? NO

FUNCTIONAL CLASSIFICATION OF ROAD OVER CROSSING: URBAN:LOCAL
ESTIMATED AADT: 008788
ESTIMATED PERCENT TRUCKS:




Attachment H-2
RAIL-HIGHWAY GRADE CROSSING
ACCIDENT/INCIDENT REPORT

GRADE CROSSING ID: 445105V

RAILROADS INVOLVED
REPORTING RAILROAD:
OTHER RAILROAD INVOLVED:
RAILROAD RESPONSIBLE FOR TRACK MAINTENANCE:

PART 1: LOCATICN

NEAREST RAILROAD STATION: WICHITA
CITY: WICHITA

PART 2+ INCIDENT SITUATION
HIGHHAY USER INVOLVED: AVUTO

SPEED 030 MPH
POS!TION OF CAR UNIT IN TRAIN: 001
POSITION: MOVING OVER CROSSING
HAS HIGHWAY USER AND/OR RAIL EQUIPMENT INVOLVED IN
THE IMPACT TRANSPORTING HAZARDOUS MATERIALST NEITHER

PART 3: ENVIRONMENT
TEMPERATURE
PART 4: TRAIN AND TRACK

TYPE OF TRAIN:

TRACK NUMBER OR NAME:
NUMBER OF CARS:

TRAIN SPEED:

PART 5: CROSSING WARNINO

TYPE: GAVES NO HWY .
CANTILEVER FLS NO AUDIBLE
SIAIDAID FLS IO CROSSBUCKS
HIG WA STOP SIGNS

NAS THE SlONllED CROSSING aauuxuo WORKING? YES

HAS CROSSING WARNING INTERCONNECTED

WITH HIGHMAY SIGNALST NO

PART 6: MOTORIST ACTION
MOTORIST PASSED STANDI“O HIGHWAY VEHWICLE: NO
MOTORIST DID NOT STOP
VIEW OF TRACK OBSCURED BY NOTHING

PART 7: HIGHWAY VEHICLE PROPERTY DAMAGE/CASUALTIES
HIGHWAY VEHICLE PROPERTY DAMAGE: $1000.00
TOTAL NUMBER OF OCCUPANTS KILLFED: 0000
TOTAL NUMBER OF OCCUPANTS INJURED: 0000

ITEMNO. 00001667

060 F

LIGHT LOCOMOTIVE(S)
SXNOlE MAIN

000
015 MPH (ESTIMATED)

DATE OF INCIDENT:04/05-/92
INCIDENT NUMBER

TIME: 1130 AM

ALPHABETIC CODE
ue Unfon Pacific Railroad Company

049270003

049270003 up

COUNTY 1 SEDGHICK
HIGHWAY: MURDOCK STREET

STATE 1 KANSAS

EQUIPMENT INVOLVED: LIGHTLOCO(S)(MOVING)
VEHICLE DIRECTION: WEST

CIRCUMSTANCE: TRAIN STRUCK BY HIGHWAY USER

VISIBILITY: DAY WEATHER: CLEAR

TYPE_OF TRACK: MAIN
FRA TRACK CLASSIFICATION: 1
NUMBER OF LOCOMOTIVE UNITS: 01
TIME TABLE DIRECTION: SOUTH

TRAFFIC SIONALS NO

WATCHMAN
YES FLAGOGED BY CRENW
NO OTHER

NO NONE
LOCATION OF WARNING: BOTH SIDES

WAS CROSSING ILLUMINATED BY STREET
LIGHTS OR SPECIAL LIOGHTS: Y

MOTORIST DROVE BEHIND OR IN FRONT OF TRAIN
AND STRUCK OR WAS STRUCK BY SECOND TRAIN: NO

DRIVER WAS UNINJURED
WAS DRIVER IN THE VEHICLE t YES
TOTAL NUMBER OF OCCUPANTS lNClUDlNO DRIVER: 0004




Attachment H-3
— TRAIN- VEHICLE ACCIDENT TABLE

Annual
Accident

Crossing Location

~__ Greenwich
101st North

~_ 61st North

R

%

it

i

I

;

;

il

o

i

|

%

00103 | 00124

?

1.68 198 ' 2.00
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Appendix |
DERAILMENT AND HAZARDOUS MATERIALS

RELEASE RISK ESTIMATES

Methodology

Estimates of average annual derailments apply per-unit derailment rates for various strata of
mainline FRA Class 3 or Class 4 trackage to estimated units for each of three track segments in
Sedgwick County: north (MP 226.75 to MP 241.0); central (MP 241.0 to MP 251.0); and south (MP
251.0 to MP 259.23). The derailment rates use calendar 1994-96 accident/incident reports to the
FRA for mainline tracks (i.e. track type “1" in the accident/incident database); reported accidents
were divided by the estimated nationwide units of operation to obtain nationwide rates, then were
adjusted by various factors based on the actual accident experience of the segments. A summary of
these calculation results appears as Table I-1; derivation of the reduction factor is in Attachment A.

Table I-1. Estimated Derailment Rates for Class 3

1994-96

404x 107

270,574,000 3.55x 107

17,542,000,000 307 1.75 x 10* I

Application tn Pre-Merger Trains

For pre-merger trains, units of operation in each segment were estimated as shown in Table
I-2, separate estimates were prepared for trains that include hazardous materials in their consists
(designated in Table I-2 as local and manifest trains) and trains not carrying such materials (unit
trains). The derailment rates were applied to the estimated quantities, with results as shown in Table
I-2.




Table I-2. Pre-M
Central Segment

Quantities (Annual)
Local & manifest train-miles 18,516
Unit train-miles 6,113
Car-miles in local & manifest trains 658,542
Car-miles in unit trains 550,204

Estimated Average Annual
Derailment Rate

Local & manifest trains

Unit trains (no HMs)

Total
Equivalent Years Between Derailments

Application to Post-Merger Trains Without Further Mitigation

Table I-3 shows the derailment analysis for the post-merger trains, including the assumed
traffic levels. All other assumptions remained the same as for the pre-merger analysis.

Local & manifest train-miles

Unit train-miles
Car-miles in local & manifest trains
Car-miles in unit trains

Estimated Average Annual
Derailment Rate

Local & manifest trains
Unit trains (no HMs)
Total




Application to Post-Merger Trains With Increased Train Speeds

Changes to the railroad’s physical plant would be necessary to allow increased train speeds.
These changes would have a mitigating effect on the derailment frequency. Several of these have
been estimated; others are likely to have an additional effect, but cannot be readily estimated from
available data.

The entire territory under consideration would be equipped with centralized traffic control
(CTC). Based on a comparison of other derailment experience for route segments with and
without CTC, the derailment rate from control-related causes is estimated to decrease by 35
percent, i.e. to 2.63 x 107 per train-mile.

Operating speeds would increase on various segments. With the exception of the segments
being upgraded to 60 mph, which will become FRA track class 4, there is insufficient basis to
assume a change in the derailment rates on this account. Because the track would be renewed,
and would be continuous welded rail (CWR), the improvements would very likely more than
offset any increased risks that might be associated with increased speed. Examination of accident
data has not suggested that speed has a significant effect on derailment rate, but higher speeds are
associated with a tendency for more of a train’s consist to derail if a derailment occurs.

Between approximately mileposts 239 and 223, and in the southern segment, tracks will
be upgraded to FRA Class 4, permitting operation at 60 mph. This change is estimated to reduce
the derailment rate for car-mile-related derailments by 6 percent, and for train-mile-related
derailments not related to control methods by 35 percent.

Table I-4 shows the unit rates adjusted to represent the improved physical plant, for
comparison with Table I-1. Table I-5 shows the derailment analysis for the post-merger trains
with increased train speeds and post-merger traffic levels.

Table I-4. Estimated Derailment Rates for Post-Merger With Increased Train Speeds

Estimated Post-Merger Rate
with Increased Train Speeds

2.63x 107

3.55x 10”7

1.75x 10*

2.20x 107

1.64 x 10*




Quantities (Annual)

Local & manifest train-miles

Unit train-miles

Car-miles in local & manifest trains
Car-miles in unit trains

Estimated Average Annual
Derailment Rate

Local & manifest trains 0.23641
Unit trains (no HMs) ! 0.11718
Total 0.35359

Net Estimated Change from Merger-Related Increased Train Traffic
and Increased Train Speeds

The estimated net annual changes in derzilments are shown in Table I-6. The total

mainline derailment experience is expected to increase from one per 5.37 years to one per 2.83
years as a result of the increased traffic through these segments. Accident experience is, however,
inherently random; the experience in any one year is largely independent of experience in any
other year. Even on a nationwide basis, there is considerable variance in year-to-year total
accident experience as a result of this randomness.

Table I-6. S of Annual Mainline Derailment Estimates

Post-Merger with
Pre-Merger Increased Train Speeds Net Change Percent Change

0.236
0.117 X 54
0.354 88




Hazardous Materials (HM) Reléases in Mainline Derailments

Table I-7 summarizes nationwide experience in HM releases in derailments for 1994-96
on Class 3 and Class 4 mainlines. It indicates that on average about two percent (0.02) of cars
carrying HMs release some HM material, given they are in z train consist that experiences a
derailment. The conditional probability of a HM release given that an HM-laden car actually
derails appears to be about 16 percent (0.16).

Table I-7. Suw of National Derailment and Hazmat Release m 1994-96
Class 3 Class 4 Combined

Number of Derailments

Total Freight Cars Involved (1)
Total Cars Derailed

Hazmat Cars Involved (1)
Hazmat Cars Damaged (2)
Hazmat Cars Releasing
Evacuations (3)

Percent of Cars Derailing

Percent of Cars Hazmat

Percent of Hazmat Cars Damaged

Hazmat Releases per Involved Hazmat Car
‘Evacuations per Hazmat-Releasing Car

493
35,236
3,932
918
183
19
7

11.2%
2.6%
19.9%
0.021%
0.368

1,033
75,518
8,698
2,677
525
52
2s

35%

Estimated Hazmat Releases per Derailed
Hazmat Car 0.185

(4)) Involved means that the cars were part of the train which experienced a derailment.
(P} Damaged cars raay not have derailed.

i’3= This is the num)er of incidents of evm‘ mcm m evacuations.

For pre-merger trains, expected average annual HM releases were estimated by applying
the 0.16 conditional release probability to the estimated number of derailed HM cars, as shown
in Table I-8. Based on the pre-merger operating speeds for the segments, the estimated fractions
of the train consists that actually derail are expected be less than indicated in Table I-7;
specifically: 6.6 percent for the northern and southern segments, and 5.5 percent for the central
segment. The same technique and assumptions were applied for the post-merger case without
further mitigation.

With increased train speeds, operating speeds over much of the study territory will be
higher, resulting in an increase in the estimated fraction of consists derailing; specifically: 9.1
percent in the northern segment, 7.0 percent in the central segment, and 9.2 percent in the
southern segment. These increased fractions offset the lower derailment rate under the post-
merger case with increased train speeds. The results in Table I-8 indicate an increase in HM
release of 288 percent between the pre-merger and post-merger-with-increased-train-speeds cases,
i.e. from one release related to a mainline derailment expected each 331 years, to one expected
each 88 years.
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Table I-8. Summary of Estimated Hazmat Traffic Statistics and Releases
in Mainline Derailments

Pre-merger

Hazardous materials (HM) car-miles
Car-miles in trains containing HMs
Percent HM cars

Average Consist (cars)

Expected HM cars derailed per year
Expected HM releases per year

Post-merger without further mitigation
Hazardous materials (HM) car-miles
Car-miles in trains containing HMs
Percent HM cars

Average Consist (cars)
Expected HM cars derailed per year
Expected HM releases per year

Post-merger with increased train speeds
Hazardous materials (HM) car-miles
Car-miles in trains containing HMs
Percent HM cars

Average Consist (cars)
Expected HM cars derailed per year
Expected HM releases per year




Attachment A

There are two sources of information which can be used to estimate accident rates for a
route: its physical and traffic attributes (e.g. track class and traffic statistics as described in the
memo), and the local accident history. The empirical Bayes procedure can be applied to modify the
calculated estimate to incorporate knowledge of the actual accident history. In effect, a calculated
attribute-based rate, R, can be adjusted to reflect the fact that a number of accidents (N) occurred
over a number of years of history (T) as follows:

RT, +N

RMS r+r.

where T, is a quantity that depends on the link, and can estimated as the ratio of the mean accident
rate to the variance of the distribution of the accident rate. For a set of randomly selected links on
the UP/SP system, T, was estimated as 78. This means that the occurrence of accidents is so
random that large differences in accident history can be expected to have a rehtxvely small effect
on the expected accident rate.

In the case of the northern and southern segments in Sedgwick County, there were no
mainline derailments reported it three sample years (1994-96). For these segments, application of
the empirical Bayes procedure to the unadjusted pre-merger derailment rates indicates an effective
reduction of 3.7 percent. On the central segment three derailments were reported in the three year
period (all in 1994); this indicates an effective increase of 111.7 percent.
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Section 1
INTRODUCTION

As part of the UP/SP Merger Wichita Mitigation Study, the SEA study team analyzed
estimated air quality impacts in Wichita, Kansas, resulting from the increase in rail traffic along the
OKT line and general mitigation options defined during the study process. This appendix describes
the background, methodologies, and results of these analyses.

Section 1 of this appendix introduces the pollutants studied, the Federal air quality standards
associated with these pollutants, and the current air quality issues in Wichita. Section 2 describes
the methodologies used to model the impacts of the merger. Sections 3 and 4 present the results of
these analyses for pre-/post-merger scenarios and the results as affected by the general mitigation
options. Section 5 examines several air-quality-specific mitigation options that could reduce
emissions generated by locomotives.

1.1 Criteria Pollutants and National Standards

The study considered the following pollutants: VOCs, NO,, ozone (0,), PM, and CO. The
study analysis did not consider sulfur oxides, lead, or air toxics.

VOCs are generally hydrocarbons (HC), which are linked molecules of carbon with
hydrogen atoms attached to each of the carbon atoms in branches. They can range froin the
simplest, methane (CH,), to extremely complex molecules with tens to hundreds of carbon atoms.
Gasoline evaporation and paint sprays are two common sources of hydrocarbon emissions. A
number of hydrocarbons are known cancer-causing agents (Reference 1). This study used VOCs
as the specific study pollutant.

NO,, of which a primary component is nitrogen dioxide (NO,), is formed when combustion
temperatures are very high, which occurs with diesel engines. In this process, nitrogen and oxygen
molecules dissociate in the air and combine to form NO,. NO, is known to be a hazard to human
health (Reference 2). Furthermore, when mixed together in the atmosphere and provided sunlight,
VOCs and NO,, in a complex chemical reaction, form ground-level ozone (O;) (Reference 3), a
known lung irritant (Reference 4). Thus, conventional ozone-reducing strategies focus upon
reduction of VOCs and NO, directly from non-naturally occurring sources to minimize this ozone-
forming process.

PM is composed of small particles that come in all forms and originate from numerous
sources, including dust that is blown off city streets and ash from residential wood fireplaces. PM
is characterized according to size in microns (um) (e.g., PM,, refers to all particulate matter less
than or equal to 10 um in size). Diesel engines are a common source of PM. Diesel particulate is
composed of a soluble organic fraction (SOF), which is bits of carbon with a layer of unburned
hydrocarbon (UHC) on the surface, and an inorganic fraction (essentially ash). These particles,
when inhaled, penetrate deep into the lungs, deposit on the surface of the tracheobronchiol tree, and
affect lung function (Reference 5).
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CO is another product of incomplete combustion. When breathed, CO readily binds to
hemoglobin, the oxygen-carrying substance in the bloodstream. This prevents oxygen from attaching
to the molecule and can eventually cause asphyxiation (Reference 6). CO problems generally occur
close to sources of the pollutant, such as gasoline vehicles, and in areas with little wind to dis serse
the pollutant. Thus, proper study of this pollutant requires performing dispersion modeling nex. . the
major sources of carbon monoxide (in this study, the idling vehicles at railroad crossings).

The national regulations addressing these criteria pollutants are the National Ambient .\ ir
Quality Standards (NAAQS). These health-based limits define maximum allowable ambient air
concentrations for each pollutant, which have been determined by scientific studies estimating
human exposure level and health impacts. Table 1-1 of this appendix shows the current NAAQS and
the recently proposed stricter NAAQS'. The Clean Air Act of 1970 and its subsequent amendments
call upon local and state governments to develop implementation plans for each area in which
ambiert concentrations exceed the NAAQS (so-called nonattainment areas, or NAAs). The
implementation plans are series of regulations or programs that reduce emissions from sources in
the local region. The governments have significant discretion in developing plans tha: are tailored
to the situation in their region, but each plan must obtain approval from the EPA (Reference 7). In
the late 1970s and early 1980s, Wichita was designated as being in nonattainment for CO.

Table 1-1. National Ambient Air Quality Standards

Current Proposed

0.12 ppm, 1-hr average 0.08 ppm, 8-hr average

9 ppm, 8-hr average Unchanged
35 ppm, 1-hr average

0.053 ppm, annual arithmetic mean Unchanged

50 ug/m’, annual arithmetic mean Unchanged
150 ug/m’, 24-hr average

— 15 ug/m’, annual srithmetic mean
65 ug/m’, 24-hr average

0.030 ppm, annuai arithmetic mean Unchanged
0.14 ppm, 24-br average

1.5 ug/m’, calendar quarter Unchanged

Current NAAQS are from 40 CFR 50. Proposed NAAQS are from EPA website, URL address:
http:/Atnwww.rtpnc.epa.gov/naaqsfin/o3pm.htm, July 1, 1997.

' The new EPA-proposed NAAQS for ozone and PM, , were approved by President Clinton on June 25, 1997, and are
undergoing interagency review at the time of this writing. Many areas of the nation that are now in sttainment status
are expected to become nonattaininent areas if this proposal is implemented. It is possible that Congressional action will
modify or eliminate the NAAQS revisions.
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1.2 Environmental Analysis and Post Environmental Analysis

Prior to this study, the Surface Transportation Board (Board) Section of Environmental
Analysis (SEA) performed air quality analyses in the Environmental Analysis (EA) and the Post
Environmental Analysis (Post EA). To determine significant emissions increases from the merger,
the EA analyzed percentage increases in train traffic according to rail line segments and Air Quality
Control Regions (AQCRs). AQCRs, designated by the EPA, are contiguous areas of the country
having similar topography and air quality management needs. For each line segment, the increase
in train traffic was measured and compared to specific thresholds (specified in 49 CFR
1105.7(e)(5Xi) and (ii)), that are a function of whether the AQCR that contains the line segment is
designated a nonattainment area. The thresholds are shown in Table 1-2. If the increase in a line’s
train traffic exceeded the appropriate threshold, then a series of calculations was performed to
quantify the emissions increase on the segment. Emissions were calculated by multiplying the
number of gross ton-miles (GTM) on each line segment, the average fuel consumption in
gallons/GTM for the entire railroad system, and emissions factors in terms of pounds of pollutant
per gallon of fuel from a study by the California Air Resources Board (ARB) (Reference 8). The
analysis of the results stated only whether or not an emissions increase appeared to exist. This was
the case for AQCR 99, South Central Kansas, which contains Sedgwick County. Emissions from
vehicle queues at grade crossings were not considered.

Table 1-2. Board air quality thresholds for impact analysis for rail line segments

Attainment Areas (49 CFR 1105.7(e)(S)(i)):

Increase of 8 trains per day or 100% increase in annual gross ton miles
Nonattainment Areas (49 CFR 1105.7(e)(S)ii)):

Increase of 3 trains per day or 50% increase in annual gross ton miles

The Post EA recalculated emissions figures in the same manner, but did so for all line
segments, regardless of whether a threshold was exceeded. This allowed for the effects of reduced
emissions on certain line segments that were projected to have less post-merger train traffic.
Emissions from all line segments in each AQCR were then summed, and the net increase (or
decrease) in emissions was calculated for the AQCR.

The EA and Post EA did not estimate emissions or air quality impacts specifically in Wichita
or Sedgwick County.

1.3 Air Quality in Wichita and Sedgwick County
1.3.1 Topography and Climate

Situated in the great plains of Kansas, the topography of Wichita, Sedgwick County, is
essentially level (see Figure 1-1). Since the area lacks mountains or large hills, the terrain helps
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SEDGWICK COUNTY

Figure 1-1. Wichita, Sedgwick County, and the OKT study line

alleviate certain potential air quality problems. Average daily temperatures are 2bout 30°F in the

winter and 70°F in the summer. Due to the prevailing wind, and the lack of surrounding hills,
pollutants are continually swept out of the area, making the greater Wichita area a relatively low air
quality hazard.

1.3.2 Current Air Quality

Under the 1977 Clean Air Act Amendments, Wichita was categorized as a nonattainment
area for one criteria pollutant-CO. CO violations occurred in the central business district of Wichita
(see Figure 1-2)>. The Wichita-Sedgwick County Metropolitan Area Planning Department, in
conjunction with the State of Kansas, developed a plan to attain the Federal ambient standard by
1982. Because most CO emissions come from on-road vehicles, a number of transportation control
measures were put in place, including street improvements, traffic signal improvements, transit
improvements, a ridesharing program, and an inspection and maintenance program (Reference 9).
In the late 1980s, Wichita was designated as a maintenance area by the EPA, and no further air
quality problems have occurred since. Currently, Sedgwick County is designated as a maintenance
area for CO, and as an attainment area for all other criteria pollutants (Reference 10).

The original CO nonattainment area identified here extends from Kellogg to 13th Street North, and from the Arkansas
River to Grove. In 1985, the Wichita Planning Department requested redesignation of the CO nonattainment area to
the “Proposed Nonattainment Area” in Figure 1-2. This smaller nonattainment area is not used for the purposes of this
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Figure 1-2. Wichita former CO nonattainment area (as of 1985)
(Source: Reference9)

Table 1-3 of this appendix shows recent peak air quality monitor readings for Sedgwick
County These data show that the County is comfortably in attainment with the current standards.

Table 1-3. Recent peak ambient air quality monitoring data for Sedgwick County

Pollutant Peak Ml! Years of Data Reviewed
0, 0.09 ppm, 1-hr average 1991-1994

co High: 9.3 ppm, 8-hr average 1995-1996
Second high: 6.4 ppm, 8-hr average

PM,, High: 145 ug/m’®, 24-hr average 1995-1996
Second hi}!:: 119 L@[m’, 24-hr average

Source: Wichita-Sedgwick County Department of Community Health.




The impacts on Sedgwick County of the new proposed NAAQS for ozone and PM, ; are
uncertain. Based on EPA and SEA study team analyses of recent monitoring data, it appears that
Sedgwick County would still be in attainment for O, under the new standards. Because Sedgwick
County does not have PM, ; monitoring data, it is impossible to project with accuracy whether
Sedgwick County would meet the proposed PM, ; standard. Depending on the fraction of ambient
PM,, levels in Sedgwick County that consists of PM, s, the County may be in nonattainment under
the proposed PM, ; standard. The EPA has projected, based on 1993-1995 monitoring data’, that
Sedgwick County would be classified as a nonattainment area, but a definitive answer would not
be available until after monitoring stations have been established and ambient data taken.

1.3.3 Selection of Emissions snalysis Study Areas and CO Dispersion
Modeling Locations

To analyze the potential air quality impacts of the UP/SP merger in Wichita, the SEA study
team performed two types of analysis. To evaluate pollutants that are primarily regional in nature,
the study team calculated overall emissions impacts for two different study areas. The first area was
Sedgwick County, which corresponds to the jurisdictional area of the Sedgwick County Department
of Community Health. The second (smaller) area was the former CO nonattainment area identified
above. The SEA study team chose this second area because it is the area in which the highest CO
concentrations are likely to occur. At the County level, the SEA study team analyzed VOCs, NO,,
PM, and CO. Within the former CO nonattainment area, the SEA study team analyzed CO
emissions only.

The SEA study team selected three railroad crossings within Wichita for which to perform
localized CO dispersion modeling. These grade crossings, expected to have the highest ambient (CO
concentrations among the grade crossings in Wichita, are Pawnee, Central, and 13th Street North.

Section 2
CALCULATION METHODOLOGY

No firm guidelines exist for conducting air quality analysis for mitigation studies of this
type. The study team used established best practices in zir quality inventory development and
localized CO modeling. The methodology used in this mitigation study differs from the EA and
Post EA analyses in the following ways:

L] It focus specifically on Wichita and Sedgwick County.
® It includes of emissions from queuing automobiles.
@ It analyzes of local mitigation options.

' Source: EPA website. URL address: http:/Atnwww.rtpnc.epa.gov/naaqspro/pmlist.htm, June 23, 1997. The EPA
projections are based on an earlier proposed limit of 50 .g/m’ (24-hr average), rather than the currently proposed limit
of 65 ug/m’ (24-hr average).
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e It incorporates of local seasonal conditions and topography.
& It uses a model of potential CO “hot spots” at grade crossings.

The fundamental objectives of the Wichita Mitigation Study are to evaluate the impact of
the increase in UP through trains on the study line, which is the OKT line shown in Figure 1-1 of
this appendix and to evaluate options to mitigate this impact. Consistent with this objective, the
study team’s analysis focused exclusively on impacts related to UP through trains on the OKT line.
The analysis ignored emissions related to switching operations and through trains on other Sedgwick
County rail lines, which are not expected to be affected by the UP/SP merger. The study ignored
emissions related to on-road vehicle idling caused by switching and other through train activity and
any potential impact of the UP/SP merger on truck traffic and truck emissions in Sedgwick County.
The year 2000 served as the baseline analysis year.

2.1 EMISSIONS SOURCES

The emissions model used for this study calculates emissions from both locomotives and
idling on-road vehicles at the grade crossings. Locomotives in the United States are
overwhelmingly diesel-electric powered, which means that they contain a large diesel engine
connected to a generator, the combination of which provides electric power to tractive electric
motors at the drive wheels. Ideally, an emissions estimate for in-use locomotives would use
emission factors based upon the “throttle notches” (power levels) of the engine, the time spent in
each notch, and the notch-specific emission factors for the engine. However, for this study, this
information was unavailable, so an alternative method was employed based on fuel consumption
estimates provided by UP for various train types. This information <erves to estimate total
emissions from the merger-related activity of the trains.

Railroad-related emissions from on-road vehicles come from the waiting time that these
vehicles experience while railroad crossing gates are down at grade crossings. During this time,
vehicles are idling, and the increase in through trains resulting from the merger has the potential to
increase vehicle emissions. Estimating these emissions requires utilizing estimates of total vehicle
delay, and combining these values with emission factors developed from the EPA’s mobile source
inventory model, MOBILESa.

2.2 EMISSIONS ANALYSIS

The emissions calculation model combines the sum of locomotive and on-road vehicle
emissions. The model uses numerous input parameters to represent accurately the sources and
quantity of emissions. Table 2-1 Yelow lists these par:meters, their values, and the source of these
data.




Described below are the input parameters used for the model developed by the SEA study
team. MOBILESa and PARTS input parameters are described in Attachment A of this appendix.

2.2.1 Locomotive Emissions

Table 2-1. Emissions model inputs

Parameter Source
Pre-merger number of trains/day 4 UP/SP Operating Plan
i Post-merger number of trains/day 9.6 UP/SP Operating Plan

Locomotive emission factors VOC: 0.0211 EPA, Procedures for Emission
(Ib/gal) CO: 0.0626 Inventory Preparation, Volume
NO,: 0.4931 1IV: Mobile Sources, 1992

PM: 0.0116

Locomotive fuel consumption Varies by train speed | UP/SP

(galftirough train)
On-rcad vehicle emission factors VOC: 13.505 MOBILES5a runs for Wichita,
(g/mi) CO: 148.555 Year 2000 for 2.5 mph

NO,: 3.835
PM: 0.059

Total hours of vehicle dela Varies by scenario SEA study team analysis

The study team calculated locomotive emissions by multiplying the amount of fuel burned
by a train within the study area by locomotive emission factors in pounds of pollutant per gallon of
fuel. UP supplied fuel consumption estimates. Emission factors in terms of Ib/gal are those
recommended by the EPA (Reference 11) for use in State Implementation Plan (SIP) calculations*.
The study team performed the following calculation for each of the pollutants studied:

train gal Ib poliutant  tons poliutant 365 days _tons pollutan
day train gal 2000 Ib poliutant yr yr

The EPA has proposed new locomotive emissions standards that would phase in beginning in 2000.
Because these standards would not have a significant impact on fleet average locomotive emissions
in 2000, the baseline analysis year, the study team did not include the emissions standards in
calculations. The siandards, and their potential emissions impacts, are described in more detail in
Section 5 of this appendix.

* These emission factors are similar to, but not identical to, those used in the EA and Post EA calculations discussed
in Section 1.2 of this appendix.
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2.2.2 Queuing Vehicle Emissions

The study team calculated vehicle emissions for all queuing vehicles at the grade crossings
of the OKT line in the study area. At each crossing, the average total hours of delay for all the
vehicles per day was multiplied by an emission factor in grams of pollutant f2r hour. These
scenario-specific emission factors were generated by using the EPA’s mobile source emissions
models, MOBILESa and PARTS (see Attachment A of this appendix). The specific values used
were averages of January and July runs for 2000, to represent average emissions for the entire year.
Given the location, year, average vehicle speeds, and other input paiameters, MOBILESa and
PARTS provided fleet-average emission factors for all vehicles in grams per mile. Not having
information specific to Sedgwick County on the distribution of vehicle types in the vehicle fleet, the
analysis used the default (i.e., national average) distribution in MOBILESa. For all runs, an average
speed of 2.5 miles per hour was used, simulating idling emissions’. With this value, the study team
converted the g/mi output of MOBILESa to g/hr. This value was then multiplied by the total hours
of delay from the traffic analysis to produce a grams-per-day, or tons-per-year, figure. The
following calculation determined emissions from the idling vehicles:

hr of delay g poliutent 2.5 mi_ tons poliutent 365 days _ tons pol
day mi hr  9.08x10° g poliutant y y

Attachment A of this appendix includes input and output files for all MOBILESa and PARTS
scenario runs.

23 CO DISPERSION MODELING
2.3.1 CAL3QHC Model

The air quality dispersion model selected by the SEA study team for the UP/SP merger
mitigation study is the CAL3QHC, Version 2.0, line source ambient air dispersion model. The
CAL3QHCv2 program is a microcomputer-based model that predicts concentrations of carbon
monoxide (CO) or other inert pollutants generated by motor vehicles at roadway intersections, under
both free flowing and idling conditions (Reference 12). The model combines traffic algorithms for
estimating vehicular queue lengths at signalized intersections with the CALINE-3 line source
dispersion model. CALINE-3 does not permit the direct estimation of the contribution of idling
vehicles. However, CAL3QHC enhances CALINE-3 to incorporate queuing and id'ing contributions
to pollutant concentrations at intersections. CAL3QHCv2 has been evaluated by EPA, and found
to be a reliable tool for that purpose (Reference 13).

The CALINE-3 line source dispersion model estimates steady state pollution concentrations
from line sources (e.g., highways and roads) at designated receptor locations. It is a Gaussian
model, and can be applied to receptors downwind of “at grade,” “fill,” “bridge,” and “cut section”

* MOBILESa does not allow users to model idling emissions at 0 mph. However, EPA recommends that to closely
simulate such conditions, the user specify that the vehicles are traveling at an average speed of 2.5 mph.
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roadways in relatively uncomplicated terrain. The model accommodates any wind direction,
roadway orientation, or receptor location, and has adjustments for averaging time and surface
roughness. It can be used for either urban or rural areas (must be specified) and should be limited
to simple terrain. Individual segments/conditions of the line source are called links. The model
requires several input parameters that must be selected by the modeler. Although guidelines for
selection are available, final inputs must be made using engineering judgement. Inputs include: link
classes, link ccordinates, traffic volumes, emission factors, source height, mixing zone width. wind
speed, wind direction, weather stability class, mixing height, pollutant ambient background
concentration, ard coordinates of each receptor (Reference 14).

The CAL3QHC algorithms estimate the emissions from queued and idling vehicles, and
converts them into a line source useable under the CALINE-3 link format. The algorithms do this
by estimating the length of queues formed by idling vehicles at signalized intersections, and
combining that estimate with idling emission rates of vehicles to build a line source usable by
CALINE-3. In addition to the input requirements of CALINE-3, the following data must be
supplied for CAL3QHCv2: idling emission rates, number of “moving” lanes in each approach link,
intersection signal timing, saturation flow rate, signal type, and arrival type. For those familiar with
air modeling, the first two parameters are essentially point source strength (to be converted to a line
source strength) and the number of sources. The rest are parameters necessary from queuing theory
to convert the individual automotive idling emission rates to a line source strength.

2.3.2 Modeling Parameters

As indicated in Section 1.3.3 of this appendix, the study team conducted modeling for three
crossings in Wichita: Pawnee, Central, and 13th Street North. The basic grade crossing geometry
used in the modeling is shown in Figure 2-1 below.




Figure 2-1. Intersection layout and receptor locations for Wichita Mitigation Study CO
dispersion modeling

For each scenario considered, the study team chose meteorological inputs, traffic flow data,
and vehicle emission factors to project concentrations of CO conservatively high. Conservatism is
maintained by such assumptions as having the total daily train volume pass through the intersection
during the 8-hour modeling period. Other assumptions for worst-case analysis include the
following: all trains have the length of the longest observed through train; the year 2000 traffic
volumes for 4 p.m. to midnight were used with CO peaks occurring in early morning; worst-case
meteorology representing stagnant air and January temperatures was used, the second-highest 8-hour
average CO reading in 1996 (from a monitor located at the intersection of Topeka and Lewis) was
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used as background CO level®, and the “double-counting” of localized vehicle contribution to
background CO level was not corrected.

Discussed below are the sources and processes by which the study team selected specific
input values for the more critical parameters. The actual input parameter values used in each run
are listed with the run data in Attachment B of this appendix.

Physical Source Parameters

CALINE-3 Link input physical dimensions (e.g., number of lanes, and width) were
generated from field observations and from City of Wichita roadway plans. To remain conservative,
a standard maximum length of 1000 feet was also selected. The Wichita area is characterized by
simple terrain with gently sloping ground elevations varying less than +10 feet within a 1,000-foot
radius of a given intersection. The land use in the study area is typically urban commercial and
industrial. The intersections are thus readily amenable to CAL3QHC modeling, and are set in urban
conditions with the surface roughness factor assumed to be 175 (commercial office). Receptor
locations were positioned using the CAL3QHC guidelines for placement distances with a pattern
of 12 around each intersection (see Figure 2-1).

Meteorology

Worst-case meteorological parameters were selected based on EPA guidelines
(Reference 12). A wind speed of 1 meter per second with a D stability class was used. Thirty-six
wind directions were screened in ten degree increments, seeking the direction that predicted the -

highest concentration at any receptor around a given intersection. The recepior/wind direction
combination with the highest concentration for the particular scenario is used to calculate the value
reported in the results. The value presented in the results in Sections 3 and 4 is an 8-hour average
derived from the model-predicted highest receptor 1-hour maximum concentration at each
intersection. Using the California Risk Assessment Guidelines for converting one-hour maximum
to 8-hour average values, the 1-hour value is multiplied by 0.7 (Reference 15). The model-predicted
one-hour maximum values for all receptors and all runs are shown in output printouts in Attachment
B of this appendix.

Emission Strengths

Locomotive CO emissions represent less than 2 percent of the on-road vehicle emissions
within the model zone. Therefore, locomotive emission strengths were set to zero because the
quantities of CO emitted by the locomoiives are negligible compared to the on-road vehicle CO
emission values. This allows considerable simplification in model set-up without significantly
changing the results. In place of an intersection, the model for each intersection devolves to a two
link straight line source with two different emission rates (free flowing and queuing). A total of six
free flow links and‘two queuing links were modeled for each crossing. Each link consists of two

We used the second-highest CO reading because one exceedance of the CO standard per year does not cause
nonattainment; two exceedances does. Therefore, to analyze the implications of the UP/SP merger on Sedgwick
County’s CO attainment status, it is the second-highest value in a given year (otherwise known as the “design
value™) that is most relevant.
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lanes of traffic. A table of link descriptions with variable values is contained in the model output
material in Attachment B of this appendix. Automotive emission rates for idling and free-flowing
conditions were derived by running the EPA MOBILESa model (Reference 16).

Queuing and Traffic Flow Dynamics

For CAL3QHC modeling purposes, the three intersections under study were classified as
urban business district streets. Traffic volumes for the < P.M.-12 midnight period were calculated
using City of Wichita traffic counts taken during Masch, 1997, and adjusted to represent levels
expected in 2000. “Red light” time was derived {.om observations of crossing gate raising and
lowering times, and the maximum observed train length on October 26, 1996, which was 7,883 feet.
Average train speed through each intersection was derived from field observations by the study
team. For the post-merger mitigated scenario, train speeds were set at 30 mph. The queue stopping
distance was set as the distance from the center line of the tracks to the first stopped vehicle. The
gate cycle time was derived based on the worst-case assumption ‘hat all of the daily trains (4.0 pre-
merger and 9.6 post-merger) cross the intersection within an 8-hour period.

2.4 SCENARIO DESCRIPTIONS

The study team analyzed the following eight scenarios for this study, all projections for
2000:

. Pre-merger (4.0 trains/day)
. Post-merger without further mitigation (9.6 trains/day)
. Mitigation Option #1: Increased Train Speed (30 mph)
. Mitigation Option #2: Increased Train Speed plus Grade Separation at Pawnee
. Mitigation Option #3: Increased Train Speed plus Grade Separations at Pawnee and
Central
. Mitigation Option #4: Increased Train Speed plus Grade Separations at Pawnee,
Central, and 13th St. N
7. Mitigation Option #S: Increased Train Speed plus Grade Separations at Pawnee,
Central, 13th St. N, and 21st N.
8. Mitigation Option #5: Increased Train Speed plus Elevated Trainway

Results for the first two scenarios are described in Section 3 of this appendix. The final six
scenarios are discussed in Section 4.




Section 3
BASELINE ANALYSIS: PRE-MERGER AND
POST-MERGER WITHOUT FURTHER MITIGATION SCENARIOS

The following subsections describe and discuss the results of the SEA study team’s analysis
of the pre-merger and post-merger without further mitigation scenarios. Section 3.1.1 below details
the results of the emissions analysis, and Section 3.1.2 shows the results of the localized CO
dispersion modeling. The analysis of mitigation options is discussed in Section 4 of this appendix.

3.1 EMISSIONS ANALYSIS

The results of the pre-merger and post-merger without further mitigation analyses are shown
below in Tables 3-1 and 3-2 for both Sedgwick County and the former Wichita CO nonattainment
area. Shown are the emissions from locomotives and idling vehicles, and the sum of these two
sources. Attachment C of this appendix contains the calculation spreadsheets.

To put these emissions estimates into context, we need to compare them to the total
emissions from all sources in Sedgwick County. However, because Sedgwick County is in
attainment or maintenance status for all criteria pollutants, the County Department of Community
Health and the Kansas Department of Health and Environment calculate emission inventories for
some, but not all, sources of emissions. The study team made rough order-of-magnitude estimates
of total emissions in Sedgwick County, based on comparisons with other areas that have
comprehensive emissions inventories. Based on these rough estimates, the estimated emissions
increases resulting from the increased through trains all amount to less than one percent of total
Countywide emissions. Furthermore, the estimated increase in CO emissions within the former CO
nonattainment area is well below one percent of the estimate of the total CO emissions inventory
within that geographic area.




Table 3-1 Total emissions in Sedgwick County related to UP through trains on OKT Line:
baseline analysis (tons per year)

VOCs
PI’O-GI!GP Put-u!or wiout farther -gﬂbl

Locomotive emissions 3.7 89

Idling vehicle emissions 1.1 37
Total emissions 48 12.6

NO,
Pre-merger Pon-crgfcr w/out further mitigation
Locomotive emissions 86.1 206.7

ldling vehicle emissions 0.3 1.1
Total emissions 86.5 207.8

PM,,
Pre-merger w w/out farther -ﬂ!nbl

Locomotive emissions 20 49

| 1dling vehicle emissions 0.02
Total emissions 20 49

CO

Pn-crjgrer Post-merger w/out further mitigation
Locomotive emissions 10.9 26.2

ldling vehicle emissions 12.1 409
Total emissions 23.1 67.2

Source and notes:

1. Calculations considered only UP through trains on OKT line.

2 Number of trains per day (for calculating locomotive emissions): 4.0 pre-merger, 9.6 post-merger, based on UP
revised OKT operating plan estimates for Central Wichita.

3. Locomotive emission factors (Ib/gal) are from Procedures for Emission Inventory Preparation, Volume iV
Mobile Sources, 1992, EPA. The proposed EPA locomotive emissions standards will not significantly affect
Jocomotive emission rates in 2000. Hydrocarbon emission rates are converted to VOCs by multiplying by 1.005.
Locomotive fuel consumption (gal/train) is a weighted average based on the relative frequency of various train
types, as specified in the UP revissd OKT operating plan.

On-road vehicle emission rates are based on EP.A MOBILESa model ruas for idling conditions (2.5 mph as
specified by EPA). Runs for January 2000 and July 2000 were sveraged to estimate the average daily emissions
for the entire year.

Estimates of total hours of delay for queuing automobiles were calculated by the study team.

Numbers may not sum precisely due to rounding.
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Table3-2  Total CO Emissions in Wichita former CO nonattainment area related to UP
through trains on OKT Line: baseline analysis (tons per year)

Pre-merger Post-merger w/out further

Locomotive emissions 0.7 1.7

Idling vehicle emissions 3.0 133
Total emissions 46 150

Source and notes:

1. Calculations considered only UP through trains on OKT line.

2 Number of trains per day (for calculating locomotive emissions): 4.0 pre-merger, 9.6 post-merger,
based on UP revised OKT operating plan estimates for Central Wichita.

3. Locomotive emission factors (Ib/gal) are from Procedures for Emission Inventory Preparation,
Volume IV: Mobile Sources, 1992, EPA. The proposed EPA locomotive emissions standards will not
significantly affect locomotive emission rates in 2000. Hydrocarbon emission rates are converted to
VOCs by multiplying by 1.005.

Locomotive fuel consumption (gal/train) is a weighted average based on the relative frequency of
various train types, as specified in the UP revised OKT operating plan.

On-road vehicle emission rates are based on EPA MOBILESa model runs for idling conditions (2.5
mph as specified by EPA). Runs for January 2000 and July 2000 were averaged to estimate ihe
average daily emissions for the entire year.

Estimates of total hours of delay for queuing automobiles were calculated by the study team.
Numbers may not sum precisely due to rounding.

Based on the evaluation of recent ambient air quality monitoring data, Sedgwick County
comfortably meets the current NAAQS, as discussed in Section 1.3.2 of this appendix. The
comparatively small emissions increases resulting from the UP/SP merger are very unlikely to affect
Sedgwick County's attainment status under the current standards.

In light of the new recently approved NAAQS, it is difficult to assess the implications of the
merger on Wichita’s attainment status. While EPA has estimated that Wichita would be classified
as non-attainment for PM even without the merger (as discussed in Section 1.3.2 of this appendix),
a definitive answer would not be available until after monitoring stations have been established and
ambient data taken. However, it is quite unlikely that the merger-related PM emissions increase
would mean the difference between attainment and nonattainment under the proposed PM,
standards.

3.2 CO DISPERSION MODELING

The results of the study team’s CO dispersion modeling for the baseline scenarios are shown
in Table 3-3 below. Printouts of CAL3QHC input and output files are included in Attachment B
of this appendix. These results indicate that the increase in through trains could elevate CO levels
under worst-case conditions by approximately 0.5 to 0.6 ppm, to a peak level of 8.2 ppm at the
Pawnee intersection. All of the results are within the EPA standard of 9 ppm. Note that the
background CO level of 6.4 ppm represents most of the total CO levels in Table 3-3. Thus, it
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appears that the increase in through trains resulting from the UP/SP merger would be very unlikely
to have an impact on Wichita's CO attainment status.

Table 3-3  Estimated worst-case CO concentrations at selected OKT line grade crossings
in Wichita: baseline analysis (ppm, 8-hr average)

Pre-merger Post-merger w/o further mitigation

13th Street North 7.3 7.8

Central 7.5 8.1

Pawnee ; 7.7 8.2

Sources and notes:
. NAAQS for CO is 9 ppm (8-hour average).
. Results are based on screening-level dispersion modeling using the CAL3QHC model.
. Assumptions for worst-case analysis include:
e All trains (4.0 pre-merger and 9.6 post-merger) pass grade crossing within an 8-hour period.
o All trains have the length of the longest observed through train (7,883 ft on October 26, 1996).
o Year 2000 traffic volumes for 4 p.m. to midnight used, although recent CC peaks have occurred in
early moming.
Worst-case meteorology used: stagnant air, January temperatures.
Second highest 1996 8-hour average from CO monitor at Topeka and Lewis used as background CO
level: 6.4 ppm, which occurred from 8 p.m. to 4 am. on February 8-9, 1996. :
"Double-counting" of localized vehicle contribution to background CO level not corrected for.

Section 4
ANALYSIS OF GENERAL MITIGATION OPTIONS

This section discusses our analysis of the three general mitigation options listed in
Section 2.4 of this appendix.

4.1 EMISSIONS ANALYSIS

Tables 4-1 below show the effect of the three mitigation options on the emissions related to
UP through trains under UP’s post-merger operating plan. Figure 4-1 graphically illustrates our
results. Attachment C of this appendix contains the calculation spreadsheets.

Tables 4-1 and 4-2 and Figure 4-1 below show that increasing train speed to 30 mph
completely mitigates the projected increase in on-road vehicle emissions associated with the merger.
Inclusion of grade separations or an elevated trainway incrementally improve these emissions below
this value.




None of the mitigation options has any substantial effect on locomotive emissions, which
represent a large portion of the merger-related smissions in all pollutant categories, especially NO,
and PM,,. Section 5 of this appendix discusses several mitigation options that could be used to
mitigate the increase in locomotive emissions.

4.2 CO DISPERSION MODELING
Table 4-3 summarizes the results of the SEA study team’s CO dispersion modeling for the

general mitigation options. Figure 4-2 graphically illustrates these results. Printout of CAL3QHC
input and output files are included in Attachment B of this appendix.




Table 4.1

Total emissions in Sedgwick County related to UP through trains on OKT line:
miﬁ?tion options analysis (tons per year)

vocC

Post-merger
wi/o further

Pswnee,
Central, 13th,
and 21st
separation

Locomotive emissions

89

10.5

Idling vehicle emissions

37

0.5

'Toul emissions

Locomotive emissions

ldling vehicle emissions

irom emissions

Locomotive emissions

Idling vehicle emissions
Total emissions
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Table 4.1 Total emissions in Sedgwick County related to UP through trains on OKT line:
mitigation options analysis (tons per year) (Continued)

Source and notes:

1. Calculations considered only UP through trains on OKT iine.

2. Number of trains per day (for calculating locomotive emissiows): 4.0 pre-merger, 9.6 post-merger,
based on UP revised OKT operating plan estimates for Central Wichita.

3. Locomotive emission factors (Ib/gal) are from Procedures for Emission Inventory Preparation,
Volume IV: Mobile Sources, 1992, EPA. The proposed EPA locomotive emissions standards will not
significantly affect locomotive emission rates in 2000. Hydrocarbon emission rates are converted to
VOCs by multiplying by 1.005.

Locomotive fuel consumption (gal/train) is a weighted average based on the relative frequency of
various train types, as specified in the UP revised OKT operating plan.

On-road vehicle emission rates are based on EPA MOBILESa model runs for idling conditions (2.5
mph as specified by EPA). Runs for January 2000 and July 2000 were averaged to estimate the
average daily emissions for the entire year.

Estimates of total hours of delay for queuing automobiles were calculated by the study team.
Numbers may not sum precisely due to rounding.

Table 4.2 Total CO emissions in Wichita former CO nonattainment area related to UP
through trains on OKT line: mitigation options analysis (tons per year)

Pawnee, | Pawnee

Post-merger Pawnee | Central, and | Central, 13th,

w/o further | Increased Pawnee and 13th and 21st

mitigation train speed | separation | Central separations | separation
separations
Locomotive emissions ; 1.7 20 20 20 20 20

Idling vehicle emissions . 133 33 33 20 0.0 0.9

Total emissions v 15.0 53 53 40 29 29

Source and notes:

1. Calculations considered only UP througk: trains on OKT line.

- § Number of trains per day (for calculating locomotive emissions): 4.0 pre-merger, 9.6 post-merger,
based on UP revised OKT operating plan estimates for Central Wichita.

3. Locomotive emission factors (1b/gal) are from Procedures for Emission Inventory Preparation,
Volume IV: Mobile Sources, 1992, EPA. The proposed EPA locomotive emissions standards will not
significantly affect locomotive emission rates in 2000. Hydrocarbon emission rates are converted to
VOCs by multiplying by 1.005.

Locomotive fuel consumption (gal/train) is a weighted average based on the relative frequency of
various train types, as specified in the UP revised OKT operating plan.

On-road vehicle emission rates are based on EPA MOBILESa model runs for idling conditions (2.5
mph as specified by EPA). Runs for January 2000 and July 2000 were averaged to estimate the
average daily emissions for the entire year.

Estimates of total hours of delay for queuing automobiles were calculated by the study team.
Numbers may not sum precisely due to rounding.
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Figure 4-1. Results of emissions analysis
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Table 4.3 Estimated worst-case CO concentrations at selected OKT line grade crossings
in Wichita: mitigation options analysis (ppm, 8-hour average)

Pawnee, Pawree,
Post- Pawnee Central, and | Central, 13th,
w/o further | Increased Pawnee and 13th and 21st
separations
Locomotive emissions 7.3 78 7.3 7.3 73 64 64
Idling vchicle emissions 75 8.1 75 7.5 64 64 64

Total emissions 7.7 82 7.2 6.4 64 64 64

Sources and notes: ;

NAAQS for CO is 9 ppm (8-hour average).

Results are based on screening-level dispersion modeling using the CAL3QHC model.

Assumptions for worst-case analysis include:

° All trains (4.0 pre-merger and 9.6 post-merger) pass grade crossing within an 8-hour period.

. All trains have the length of the longest observed through train (7,883 ft on October 26,
1996).
Year 2000 traffic volumes for 4 p.m. to midnight used, although recent CO peaks have
occurred in carly moming.
Worst-case meteorology used: stagnant air, January f
Second highest 1996 8-hour average from CO monitor at Topeka and Lewis used as
background CO level: 6.4 ppm, which occurred from 8 p.m. to 4 a.m. on February 8-9, 1996.
"Double-counting” of localized vehicle contribution to background CO level not corrected
for.

These results indicate that increasing the train speed fully mitigates the projected increase
in worst-case CO concentrations at the intersections studied. Because the train speed increase
completely mitigates the increase in emissions of CO (as discussed in Section 4.1 of this appendix),
it is logical that the speed increase also mitigates any increase in peak CO concentrations near the
grade crossings. Intersections that are grade-separated as part of a mitigation option are assumed
to revert to the peak background CO level of 6.4 ppm because of the elimination of queuing-related
emissions.
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Figure 4-2. Results of localized CO dispersion modeling
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Section §
DISCUSSION OF AIR-QUALITY-SPECIFIC MITIGATION OPTIONS

As shown in Section 4 of this appendix, the general mitigation options, particularly the
increase in train speed, fully mitigate the increase in merger-related on-road vehicle emissions in
Sedgwick County. Therefore, no additional mitigation options specifically targeting vehicle
€missions are necessary.

However, none of the three general mitigation options mitigates the increase in Jocomotive
emissions. Although these emissions increases are small compared to total emissions from all
sources in Sedgwick County, it is worth investigating mitigation options specifically aimed at
reducing locomotive emissions from UP through trains, especially because Sedgwick County may
fall into nonattainment for PM, ; under the proposed new ambient standards discussed in Section 1
of this appendix.

The study team have :dentified several potential options for mitigating the increase in
locomotive emissions. These options, which focus on reducing NO, and PM emissions, include the
following:

Adopting improved railroad operating practices.
Implementing the proposed EPA locomotive emissions standards.
Concentrating the operation of new EPA-certified low-emission locomotives in
Wichita.
Introducing low-emission locomotives in advance of the EPA schedule.

_ Offsetting the increase in locomotive emissions by decreasing emissions from other
sources.

Railroad operating practices are briefly discussed in Section 5.1 below. Section 5.2 discusses
the implications of the proposed EPA locomctive emissions standards, and Section 5.3 addresses
the potential for concentrating EPA-certified locomotives in Wichita. Section 5.4 discusses the
potential of ealy introduction of low-emission locomotives ahead of the EPA-proposed schedule.
Section 5.5 briefly discusses the potential for offsetting the locomotive emissions increase rather
than mitigating it directly. Section 5.6 summarizes the findings regarding these mitigation options.

Where possible, the discussions note the potential emissions implications associated with

these mitigation options. In general, however, it is difficult to quantify ngorously the extent and
timing of emissions mitigation that would result from these strategies.

5.1 IMPLEMENTATION OF UP OPERATING PRACTICES

As part of the August 1996 approval of the merger, the Surface Transportation Board
(Board) required UP/SP to comply with the following list of improved operating practices:
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Use throttle niodulation.

Use dynamic braking.

Increase use of vacing and coasting trains.

Isolate unneeded horsepower.

Shut down locomctives when not in use for more than an hour at temperatures above
40°F.

Maintain and upgraae SP locomotives to UP standards.

Close boxcar doors to decrease wind resistance.

Convert locomotives to South Coast Air Quality Management District. (SCAQMD)
standards for visible smoke reduction.

Although unquantifiable, the combination of these practices may reduce emissions from
locomotives traveling through Sedgwick County by improving operating efficiency. With the
exception of the last practice, emission reduction based on these procedures is not likely to be
dramatic and may already be in effect. Converting UP/SP locomotives to the SCAQMD standards
may have a significant effect if those locomotives that currently fail to meet the standard are used
on the OKT line. Such retiofits would reduce PM emissions from the locomotives.

8.2 IMPLEMENTING THE PROPOSED EPA LOCOMOTIVE EMISSION STANDARDS

Emissions from locomotives are currently unregulated. In December 1996, the EPA issued
a Notice of Proposed Rulemaking entitled, “Control of Air Pollution from New Locomotives and
New Engines used in Locomotives.” The EPA is proposing emission standards and emission testing
procedures for locomotives that are similar in some respects to the emission standards for heavy-

" duty on-highway truck engines. Locomotive engines would have to meet brake-specific emission

limits for HC, CO, NO,, PM and exhaust opacity (visible smoke). Each engine would have to meet
emission standards for both a line haul duty cycle and a switching duty cycle. (The line haul duty
cycle emphasizes operation at high loads, while the switching cycle emphasizes idling and low
loads.)

The proposed emission standards would begin taking effect in January 2000. Recognizing
the long life and low fleet turnover rate of locomotives, the regulations would subject locomotives
originally manufactured during the period of 1973-1999 to emission standards at the time of
remanufacture. Railroad companies usually remanufacture their locomotives at 5- to 6-year
intervals. Remanufacturing entails complete disassembly of the locomotive and its major
components. Parts are then cleaned, inspected and repaired or replaced as necessary. The Class I
railroads usually upgrade locomotive engines to the latest available configuiation during
remanufacturing. Locomotive engine manufacturers facilitate this practice by making upgraded
components such as turbochargers, power assemblies and fuel injectors readily retrofittable to older
engines. The EPA envisions that the proposed emission standards will provide an incentive to
engine manufacturers to develop and certify suitable rebuild packages for most of their 1973-1999
locomotive models.




The locomotive emission standards proposed by the EPA are shown in Table 5-1 below.
Three tiers of standards are proposed, depending on the locomotive’s original date of manufacture.
Tier 0 standards would be applicable at the time of remanufacturing of units originally manufactured
during 1973-1999. Tier I standards would apply to units originally manufactured during 2000-2004;
Tier II standards would apply to units manufactured during 2005 and thereafter. The Tier I and Tier
II standards would be enforceable at the time of the locomotive’s original manufacture, and during
each subsequent rema.afacture.

An estimate of the effect of the proposed locomotive emission standards is shown in Table
5-2. NO, and PM emission rates from the current locomotive fleet are EPA estimates An estimate
of the effect of the proposed locomotive emission standards is shown in Table (Reference 17).
Remanufacturing all pre-2000 model locomotives to meet the Tier O standard will yield a NO,
reduction of approximately 30 percent. Assuming that a line haul locomotive is remanufactured
once every five years, one-fifth, or 20 percent, of the pre-2000 model fleet would be remanufactured
per year. At the end of the year 2000, 20 percent of the pre-2000 fleet would be remanufactured to
Tier O; at the end of 2001, 40 percent would be so remanufactured; conversion to Tier 0 would be
complete by the end of 2005. If a railroad replaced all of its older locomotives with new units
during 2000-2005, (rather than remanufacturing them), then baseiine locomotives would be entirely
replaced by new units meeting Tier 1. This would result in a 45-percent NO, reduction. In practice,
railroads employ a mixture of locomotive replacement and remanufacturing. (Locomotives are
normally replaced after 25-30 years of service.) Therefore actual NO, reductions by a railroad will
be between 30 and 45 percent by the end of 2005.

The proposed Tier 0 and Tier I standards allow PM rates to increase from baseline, in order
to accommodate NO, control techniques that also tend to increase PM. Tier 0 allows PM to increase
as much as 76 percent, compared to baseline, and Tier 1 allows PM to increase 32 percent. The
actual PM increase will vary by locomotive model, and by the specific NO, reduction techniques
used.

The EPA consulted extensively with the locomotive manufactur~s and the railroad industry
while developing the proposed locomotive emission standards. The industry considers the standards
to be technically and economically feasible (Reference 18). Attachment D of this appendix contains
a review of applicable emission control techniques. The standards appear likely be adopted with
little or no modification.
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Table 5-1. Proposed EPA locomotive emission standards (g/bhp-hr)

Tier 0 Standards
THC co NO, P
Line Haul Cycle 1.00 5.0 9.5 0.60

Switch Cycle 80 14.0 0.72
Max. in Run 4-8 none none 1.9 0.75

Applicable to locomotives originally manufactured beiween January 1973 and
December 1999. Would become effective in January 2000, and would be
enforceable during remanufacturing.

Téer I Standards
THC Co NO, PM
Line Haul Cycle 0.55 22 74 045
Switch Cycle 120 2.5 11.0 0.72
Max. in Run 4-8 none none 9.3 0.57

Applicable to locomotives originally manufactured between January 2000 and
December 2004. Would become effective in January 2000, and would be
enforceable at the time of original manufacture and during remanufacturing.

Tier I Standards
THC CO NO, PM
Line Hsul Cycle 1.5 55 0.20
Switch Cycle 0.60 24 8.1 0.24
Max. in Run 4-8 none none 6.9 0.25

Appiicable to locomotives originally manufactured on or after January 1, 2005,
Would become effective in January 2000, and would be enforceable at the time of
original manufacture and during remanufacturing.
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Table 5-2. Effect of proposed EPA emission standards on locomotive emission rates

Fleet

Line Haul NO, Rate

Line Haul PM Rate

Absolute

(@/bhp-h)

Relative to
Baseline

Absolute

(g/ohp-hr)

Relative to
Baseline

Current Baseline

100%

100%

Tier 0 Standard

9.5

70%

0.60

Tier | Standard

7.4

55%

Tier II Standard

5.5

41%

0.20

59%

§.3 CONCENTRATING THE OPERATION OF NEW EPA-CERTIFIED LOW-
EMISSION LOCOMOTIVES IN WICHITA

Implementing the EPA’s locomotive emission standards as proposed will result in
locomotive fleet NO, reductions between 30 and 45 percent, over the period of 2000-2005. The
analysis presented in the previous section indicates that a minimum of five years is needed to
completely remanufacture existing locomotives to meet the Tier O standards. Because locomotives
have long service lives, replacing existing units with new emission controlled models will take much
longer. Even with the accelerated process of locomotive replacement currently being conducted by
the Class I railroads (because of the huge preductivity improvemew:s realized by modern high
horsepower locomotives with AC traction), replacing the existing fleet with new units certified to
the Tier I or Tier I standards will take 20 years or more.

As part of its approval of the merger, the Board mandated that the mergea railroad
concentrate low-emission locomotives meeting the proposed EPA standards in several corridors.
In addition, Union Pacific and Burlington Northern Santa Fe have recentlv agreed with the State of
California to concentrate the operation of locomotives certified to Tier ) or Tier II in Southern
California. This will yield much more rapid locomotive emission reductions in Scuthern California,
then would occur with random dispatching of the new emission controlled umi:. A similar
arrangement could be made to concentrate the operation of emission controlled locomotives on lines
through Wichita, as a means of mitigating merger-related increases in locomotive emissions. This
arrangement would apply both to existing locomotives remanufactured to meet Tier U, and new
locomotives meeting Ties I or Tier . We are unable at this time to quantify the poteatial emissions
impact of this mitigation strategy.

§.4 EARLYINTRODUCTION OF LOW-EMISSION LOCOMOTIVES
A variety of emission control techniques have been applied to locomotives in research,

developraent, and demonstration prograras conducted over the last decade. These include the
following:




. Diesel engine modifications.

. Improved diesel fuels.

. Diesel exhaust aftertreatment.
. Use of alternative fuels.

Some, or all of these techniques could, in principle, be applied to UP and SP locomotives
operating through Wichita, prior to the proposed EPA locomotive emission standards taking effect.
This could produce emission reductions well before January 2000, when the locomotive emission
standards are proposed to begin phasing in. After January 2000, they could also be applied to
achieve emission reductions beyond those resulting from the emission standards alone. Attachment
D of this appendix provides a review of the feasibility of the early introduction of these locomotive
emission control techniques.

8.5 OFFSETTING THE INCREASE IN LOCOMOTIVE EMISSIONS BY
DECREASING EMISSIONS FROM OTHER SOURCES

An alternative to mitigating the increase in locomotive emissions by reducing those
emissions directly is to reduce an equivalent amount of emissions from some other source in
Sedgwick County, therety “offsetting” the locomotive emissions increase. An arrangement to
accomplish this objective could take several forms. For example, UP could put money into a
Countywide fund that was then used to provide incentives for reducing emissions (by replacing old
wood stoves, for example, or by retrofitting trucks or agricultural equipment to reduce NO,
emissions). Or, UP could reduce emissions elsewhere in its operation in Sedgwick County.

It is important to note, however, that this type of mitigation technique is likely to be outside
of the Board's authority to mandate as part of a mitigation package. However, an emissions offset
strategy could be part of a private settlement between UP and the City of Wichita, outside of the
Board mitigation study.

5.6 SUMMARY OF AIR-QUALITY-SPECIFIC MITIGATION OPTIONS

A variety of options exist for mitigating the increase in merger-related locomctive emissions.
Two of these options—modifying operating practices and complying with the proposed EPA
locomotive emissions standards (discussed in Sections 5.1 and 5.2, respectively)—have already been
required by the Board and will be implemented (assuming the EPA emissions standards are
approved, as appears likely). The EPA standards will substantially reduce emissions of NO, (by 30
to 45 percent by 2005), although aimost all of this reduction will occur after the baseline analysis
year (2000) used in this mitigation study. The EPA standard will not reduce locomotive PM
emissions in the near term.

A third option, concentrating the EPA-certified low-emission locomotives in Wichi.a
(discussed in Section 5.3) is difficult to assess at this time, but it might provide some additional
mitigation of locomotive emissions.

Preliminary Mitigation Plan




Early introduction of low-emission locomotives (discussed in Section 5.4 and Appendix D)
could furthe _.itigate locomotive emissions by speeding up the realization of emissions reductions
from the proposed EPA locomotive standards. Given the wide area over which UP locomotives
operate, this would essentially be a regional solution to a local mitigation objective in Wichita.
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Attachment A
MOBILESa/PARTS DESCRIPTION AND INPUT/OUTPUT FILES

MOBILESa and PARTS are models developed by the EPA to estimate vehicular emissions.
MOBILES5a models VOCs, CO, and NO,, while PARTS models PM. This attachment contains the
input and output files used for both models.

For MOBILES5a runs, the study team averaged the values of winter and summer runs for the
year 2000. For VOCs, note that only exhaust and running emissions are included here. Refueling,
evaporative, and resting losses are not included in the calculation.




1 PRONPT
Wichita Susmer Year 2000
1 TANFLG

1 SPOFLG

1 VMELAG

1 NYMRFG

1 NEWFLG

1 INFLAG

1 ALNFLG

1 ATPFLG

5 RLFLAG

2 LOCFLG

2 TEMFLG

4 QUTENT

6 PRTFLG

1 IDLFLG

3 WHFLG

2 NCFLAG

Wichita2000Sum. 8 48. 93, 11,507.892 111 Local Ares Peremster record
1 00 02.5 70.0 20.6 27.3 20.6 07 Scenerio description record




1 PROMPT
Wichits Winter Yesr 2000
1 TANFLG

1 SPOFLG

1 VHFLAG

1 NYMRFG

1 NEWFLG

1 INFLAG

1 ALNFLG

1 ATPFLG

S RLFLAG

2 LOCFLG

2 TENFLG

o OUTFNTY

4 PRTFLG

1 IDLFLG

3 MUHFLG

2 HCFLAG

Wichita2000Win. 8 20. 40. 11.509.092 1 11 Local Ares Peramester record
1 00 02.5 30.0 20.6 27.3 20.6 01 Scenario description record




Wichita Susmer Yesr 2000
MOBILESe (26-Mer-93)

0

-M 98 Werning:

- Diurnal tempersture rise (mesx tesp-min temps 45.0)
is » 4OF; diurnal eveporstive emission factors will
be calculoated, but mey be insccurate.

OWichita2000Sum.

Minimm Temp: 48. (F) Meximm Temp: 93. (F)
Period 1 RVP: 11.5 : 7.8 Period 2 Yr: 1992

OVOC HC emission factors include evaporstive HC emission factors.

0
OEmission factors are as of July 1st of the indicated calendsr yeer.
0Cal. Yeer: 2000 Region: Low $00. Ft.
1/n Program: Mo 70.0 7 70.0 7/ 70.0 ¥
Anti-tam. Program: No 20.6 7 27.3 7 20.6
Reformulated Gas: Mo
Oveh. Type: LDGV LDGTY! LDGT2 LDGT MDGV LDOV LDDOT MDDV MC ALl Veh
£

Veh, $pd.: 2.5 2.5 !.; 2.5 5.; 2.5 2.5 2.5

WMT Mix: 0.616 0.191 0.086 0.031 0.00t 0.001 0.068 0.006
oc-uin Emission factors (GavMile)

uc. 10’0 1! 16 18.86 14.93 18.52 1.37 1.81 4.8 12.39

lmt 14.06 10.91 11.39 1.37 1.81 4.8 10.01
Evap.

Refusl NC:

Runing NC:

Rsting NC:

o







1Wichits Winter Yesr 2000
MOBILESS (26-Mar-93)

0

-% 83 Cament:

- : One or more evaporative tesperstures (input daily
meximm, input ambient, calculeted hot soek, and/or
calculated rumning Loss) is 40F or less, or input
daily minimum is 25F or Less; no eveporative emission
factors (hot soak, diurnel, rumning Loss, or resting
loss) will be calculated.

Owichita2000Win,

Minimm Temp: 20. (F) Meximm Temp: 40. (F)
Period 1 RVP: 11.5 Period 2 AVP: 9.0 Peried 2 Yr: 1992

OVOC HC emission factors include evaporstive NC emission factors.

0 -
OEmission fectors are es of Jan. 18t of the INGICEted calender yeor.
O0Csl. Year: 2000 Region: Low Altitude: 500. Ft.
1/M Program: No Ambient Temp: 30.0 7 30.0 /7 30.0 ¢
Anti-tam. Program: No Opersting Mode: 20.6 /7 27.3 7 20.6
Reformsiated Ges: Mo
Oveh. Type: LOGV LDGTY LDGT2 LDGT MOGVY LDOV LDOT MNOOV MC All veh

Veh. Spd.: i.! !.! !.! !! !! !.; !.; ,.!
WIT Mix: 0.616 0.191 0.086 0.03% 0.002 0.00% 0.068 0.006
OComposite Emission Factors (GavMile)
1.1 1.09 4.86 13.90 15.49

1.6 1.09 4.86 13.90 15.48
’ 0.00




WcMu Yesr 2000 PARTS Input
INFLAG (olternate T mixes)
| sHYMRFG (olternate mileage accumuletion rates & registration)
1 sINFLAG (Inspection and msintenance)
1 SRFGFLG (2 to apply reformulated gesoline effects, 1 not to)
3 sOUTFNT (indicetes type of output forsat)
2 $IOLFLG (2 to print idle emissions, 1| not to print them)
1 :S02FLG (2 to print Geseous $02 -Iuicm, 1 not to print thes)
3 SPRTFLG (determines which pollutents to print out)
9 :BUSFLG (determines which alternstive bus cycles to prlm out)
120002 2.5 s region, year, speed cycle,
06.305.1 2 : unpeved siltX, ind. ollt .Inz mnuc
140 : mmber of proclp. days
Wich2000 3 scene neme
10. s Particle size cutoff
6000 t flest everage vehicle weight
04 s fleet average vehicle wheels




PARTS Revised 02-24-95
Wichite Year 2000 PARTS Output

Wich2000 : scene hame

Particle Size Cutoff 10.00 Microns Altitude: 500. Ft. Ociving: Cruise RFG:Mo

Cal. Yeor: 2000 I1/M Program: Wo Region: Low (11
Veh. Type: -LOGY LDGTY LDGI2 HOGY HC Loov LOOT 2BNDDV LWDDV MDDV OUSES veh.

Veh. Speeds: 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
WNT Nix: 0.6143 0.1900 0.0856 0.0310 0.0063 0.0015 0.0012 0.0130 0.0013 0.0166 0.0031

Composite Emission Fectors (g/mi)

Exhaust PH: 0.013 0.0%6 0.022 0.102 0.020 0.190 0.213 0.172 0.545 0.646 . 0.617

Sroke: 0.013 0.013 0.013 0.095 0.013 0.093 0.093 0.013 0.093 0.013 0.013

Tire: 0.008 0.008 0.008 0.012 0.006 0.008 0.008 0.008 0.092 0.012 0.008

Totel P: 0.056 0.066 0.073 0.180 0.046 0.2¢9 0.271 0.256 0.935 0.791 0.778

Fugitive Dust: Unpaved Roads Fleet Aversge 17.73 g/mi (es celculeted in AP42 Vol 1 9/88)*
Paved Roads Fleet Average 13.41 g/mi (as calculated in draft APG2 Vol 1 3/93)¢
Unpeved Roads Fleet Average 17.53 g/mi (as calculated in AP42 Vol 1 9/88, minus teiipipe and
tire-weer emissions)**
Poved Roads Fleet Aversge 13.21 g/mi (as calculated in draft AP42 Vol 1 3/93, minus teilpipe
ard tire-wee: eminsions)**

* Includes fleet average teilpipe, tire-wear and brakc-wear emissions.
** Includes fleet aversge brake-wesr emissions.

Poved Road Silt: 5.10 (g/m°2) Fleet aversge vehicle weight: 6000
Unpeved Siit: 4.3% Fleet average mmber of wheels: 4§

Precipitation Days: 140 >0.01 in. (per year)

Veh. Type: LODGY LOGTT LOGT2 WoGv He LooVY LOOT  28HDDV LNWODV  MMDOV  WNDDV  BUSES

Totel Idle
(g/hr) : * . . . L . . 1.731 5.307 2.312 2.112 2.1

* Nissing Date




AttachmentB
CAL3QHC INPUT/OUTPUT FILES

Preliminary Mitigation Plan




CAL3QHC: LINE SOURCE OISPERSION MODEL - VERSION 2.0 Dated 95221
JO8: CO WICHITA KANSAS - RAILROAD 13tr. St. RUN: 13th St ST, AND RAILROAD PREMERGER

DATE : 6/18/97
TIME : 17:21:45

The MODE flag has been set to C for cslculating CO aversges.
SITE & METEOROLOGICAL VARIABLES

VS = .0 Cw/s v = .0 ovs 20 = 175. Cn
U= 1.0 WS CLAs = &4 (D) ATIN = 60. WINUTES MNiXW = 1000. ¥ AMB = .0 PPM

LINK VARIABLES
LINK DESCRIPTION b LINK COORDINATES (FT) - LENGTH BRG TYPE VPN EF N V/C QUEUE
b A4 X2 Y .' (FT) (DEG) (G/nL) (FT) (FT) (VEN)

. 13th St €8 Appr. B . 1000. 90. 387. 21.6 .0 62.0

. 13th St.EB Queue 507. 270. 168. 100.0 .0 2.0 .13 25~
13th St.ES Dep. 1000. 90 387. .0 42.0

. 13th St.w8 Appr. 1000. 376. .0 462.0

. 13th St.w8 Oueve o . 493, 168. « . 0 .12 2.1

. 13th St.w8 Dep. ; p 1000. 376. . .0

. Railroad Appr. 2 0 1000. . R .0

. Railrosd Dep. 5 p 1000. 0. i . .0

SRARERER
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JOB: CO WICHITA KANSAS - RAILROAD 13th St. RUN: 13th St ST. AND RAILROAD PREMERGER

DATE : 6/18/97
TIME : 17:21:45

MNT!WL QUEJVE LINK PARAMETERS

......... veseccssscsscvsnsacsnves

lIK DESCRIPTION . CYCLE RED CLEARANCE APPROACH SATURATION IDLE SIGNAL ARRIVAL
LENGTH TIME LOST TINE VOL  FLOW RATE @M FAC TYPE RATE
(SEC) (SEC) (SEC)  (VPW)  (VPWPL) (gm/he)
2. 13th St.€8 ueve 7200 480 3.0 387 1620  «9.50 1 £
5. 13¢th St.u8 Gueve 7200 480 3.0 376 1620 .80 1 3

RECEPTOR LOCATIONS

T~

COORDINATES (FT)
Y 2

X
35.0 -35.0- 6.0
-35.0 6.0
-35.0 6.0
35.0 6.0
$0.0 6.0
50.0 6.0
35.0 6.0
-35.0 6.0
-50.0 6.0
-50.0 6.0
-35.0 6.0
35.0 6.0

RECEPTOR
. REC 1 (SE Cﬂﬂl)
REC 2 (SW CORNER)
REC 3 (Nu CORNER)
REC ¢ (NE CORMER)
. REC S (NE MID-13th §
. REC 6 (SE MID-13th §
REC 7 (SE MID-RR)
REC 8 (Sw MID-RR)
. REC 9 (SV MID-13th §
REC 10 (MW MID-13th
REC 11 (MW NID-RR)
REC 12 (NE MID-RR)

VW NGNS WUN -

-
o
.

-
-
.

LA B B B B B B B B Y




JOB: CO WICHITA KANSAS - RAILROAD 13th St. RUN: 13th St ST. AND RAILROAD PREMERGER

MODEL RESULTS

REMARKS : In search of the angle corresponding to
the maximm concentration, only the first
ongle, of the sngles with same meximm
concentrations, is indicated as meximum.

WIND ANGLE RANGE: 0.-360.
* COMCENTRAT IOM

ANGLE * (PPN)
l (DEGR)® REC1 REC2 REC3 REC4 RECS RECO REC7? RECS RECY REC10 RECIY REC12

e I III,mIm I T™mM ™M™ L P L R T
8 .9 .0
7 . .9 .

5 . 8

0.
10.
20.
30.
40.

VR, s T « s s e .
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o
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L d
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THE WIGHMEST CONCENTRATION OF 1.30 PPM OCCURRED AT RECEPTOR RECL .




JOB: CO WICNITA KANSAS - RAILROAD 13th St, RUN: 13th St ST. AND RAILROAD PREMERGER

DATE : 6/18/97
TIME : 17:21:45

RECEPTOR - LINK MATRIX FOR THE ANGLE PRODUCING
THE MAXIMUM COMCENTRATION FOR EACN RECEPTOR

*  CO/LINK (PPM)
ANGLE (DEGREES)
RECT RECZ REC3 RECL RECS REC6H RECT RECS RECY RECIO RECTY RECI2
70 280 100 110 110 70 200 280 280 100 100 100

Povevacee R L

.

ocoorwwroo

1
2
3
&
]
3
?
8
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CAL3GHC: LINE SOURCE DISPERSION MODEL - VERSION 2.0 Dated 95221
JOB: CO WICHITA KANSAS - RAILROAD 13th St. RUN: 13th St ST. AND RAILROAD POSTMERGER

DATE : 6/18/97
TIME : 17:22: 2

The MODE flag has been set to C for calculating CO averages.
SITE & METEOROLOGICAL VMIML!‘

W s .0 ow/s 20 = 175. O
Ue 1.0 n/s ¢ (D) ATIN = 60. MINUTES MIXH = 1000. W AN = .0 PPN

LINK VARIABLES

LINK COORDINATES (FT) o LENGTN BRG TYPE VPN (14 V/C QUEUE
" X2 " CFT) (DEG) Gmi) m) (") C(VENW)
1. 'Jtn st €8 upr 1.0 * 90. 387. 21.6 .0 42.0
2 13th St.E8 Oueue “11.1* S07. 270. AG  403. 100.0 .0 2.0 .% 25.7
. 13¢th $t.E8 Oep. -11.0 * 387. 1.6 .0 42.0
. 13th St.u8 Appr. 1.0 . 21.6 .0 462.0
. 13¢h St.W8 Queue 11.1* . 100.0 .0 22.0
. 13th $t.w8 Dep. 1.0°* . 21.6 .0 62.0
. Railroed Appr. g 0" 0. .0 .0 S0.0
. Reilroad Dep. 3 . 1000.0 * 0. .0 "




JOB: CO WICHITA KANSAS - RAILROAD 13th St. RUN: 13th St ST. AND RAILROAD POSTMERGER

DATE : 6/18/97
TIME : 17:22: 2

ADNHWL Mﬁ LINK IMTI!S

LINK DESCN"IN . C\'CL( RED CLEARANCE APPROACH SATURATION IOLE SIGNAL  ARRIVAL
23 LENGTH  TIME LOST TIME voL FLOW RATE €M FAC  TYPE RATE
: (SEC)  (SEC) (SES) (VPH) (VPHPL) (gm/hr)
2. 13th St.€8 Queue . 3000 480 3.0 387 1620 469.50 1 3
S. 13th St.u8 Quews - 3000 480 3.0 376 1620 469.50 1 3

RECEPTOR Lmﬂﬂi
» COORQINATES (FT) o

= l ' z ®
Weeovoenovovesorcnsnsnnsacscsssanccncacs®
35.0 -35.0 60
-35.0 -35.0

35.0
®.0

REC 1 (SE mu
REC 2 (SW CORNER)
REC 3 (Nw CORNER)

« REC 4 (NE CORNER)
REC 5 (NE MID-13th §
REC 6 (SE MID-13th §
REC 7 (SE MID-RR)
REC 8 (SW MID-RR)
REC 9 (SW MID-13th §
REC 10 (MW MID-13th
REC 11 (NW MID-RR)
REC 12 (NE MID-RR)

50.0
$0.0
35.0

9 8 9% 9% 00 8w
2 2 88 89 %SO
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REMARKS
WIND ANGLE RANGE:
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JOB: CO WICHITA KANSAS - RAILROAD 13th St. RUN: 13th St ST. AND RAILROAD POSTMERGER

OATE : 6/18/97
TIME : 17:22: 2

RECEPTOR - LINK MATRIX FOR THE ANGLE PRODUCING
THE MAXIMUM CONCENTRATION FOR EACH RECEPTOR

o CO/LINK  (PPM)

. ANGLE (DEGREES)
* REZ1 REC2 REC3 RECL RECS REC6 REC? RECS RECY REC10 REC11 RECI2
LINK # ¥ 70 290 100 110 110 280 280 290 290 250 100 110
B D L L L L
. .0 4
» 0 1.5
&% .0
.3 .0
.0

.9
3

.0
.0 .0
.0

.0




CAL3QHC: LINE SOURCE DISPERSION MODEL - VERSION 2.0 Dated 95221
JOB: CO WICHITA KANSAS - RAILROAD CENTRAL RUN: CENTRAL AND RAILROAD POSTMERGER

DATE : 6/18/97
TIME : 17.22:57

The MODE flag has been set to C for calcwiating CO averages.
SITE & METEOROLOGICAL VARIABLES

VS = .0 Ov/s ws .0 Ov/s 20 = 175. O
us 1.0 /s CLAs = & (D) ATIN = 60. MINUTES MIXH = 1000. M AN s .0 PPM

VARIABLES
LINK DESCRISTION  * LINK COORDINATES (FT) " LENGTN ORG TYPE VPN  EF i« v/e

* X 2 x2 2 e () (0£G) (G/MI) (FT) (FT) (VEW)

ssssscccens sscces CEE T L T svcscene Sesessssssscssscncssnncnnene i e
CENTRAL €8 Appr.  * -1000.0  -12.0 0 -12.0° 9. 421, 21.6
CENTRAL EB Queue *  -40.0  -12.0 -$79.7  -12.0°*  $40. 270. 395. 100.0
CENTRAL €8 Dep.  * .0 -12.0  1000.0  -12.0 * 9. 421, 21.6
CENTRAL W8 Appr. *  1000.0 12.0 .0 12.0 * 2n. 386. 21.6
. CENTRAL W8 Gueve *  25.0 12.0  521.0 12.0 * 9. 395. 100.0

-

-

=

. CENTRAL.WS Dep. .0 12.0 -1000.0 12.0 * 27 386. 21.6
. Reilrosd Appr. .0 -1000.0 .0 0 360 o o
Railrosd Dep. .0 .0 .0 1000.0 * 360 0. .0

1
2
3
&
5
6
7
8




JOB: CO WICHITA KANSAS - RAILROAD CENTRAL RUN: CENTRAL AND RAILROAD POSTMERGER

OATE : 6/18/97
TIME : 17:22:57

IDDIYIWL QUEVE LINK PARAMETERS
LINK D(Sﬂl"lﬂ CYCLE RED CLEARANCE APPROACH SATURATION IDLE SIGNAL  ARRIVAL
LENGTHN  TINE LOST TINE VoL FLOW RATE EN PAC  TYPE RATE
(SEC)  (SEC) (SEC) (VPH) (VPWPL) (gwvhr)
2. cutm ] m 3000 4«70 3.0 421 1620 469.50 1 ."".;""
5. CENTRAL W8 Queve 470 3.0 386 1620 469.50 1 3

IIC!PTG LWT!NS

COORDINATES (FT) .

X Y z .
35.0 -35.0
-35.0 -35.0
-35.0 35.0
35.0 35.0
$0.0 35.0
$0.0 -35.0
35.0 -50.0
-35.0 -$0.0
-50.0 -35.0
-50.9 35.0
-35.0 50.0
35.0 50.0

RIC!"N
llC 1 (SE CORMER)

2. REC 2 (SW CORNER)

3. REC 3 (N CORNER)
REC 4 (NE CORNER)
REC 5 (WE MID-13th S

. REC 6 (SE MID-13th S

- REC 7 (SE MID-RR)
REC 8 (SW MID-RR)
REC 9 (SW MID-13th §
REC 10 (MW MID-13th
REC 11 (NW MID-RR)
REC 12 (NE MID-RR)

2 288 8% %0800 a0
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REC3 RECL RECS REC6 RECT
100

the meximum concentration, only the firs’
0.-360.

angle, of the angles with same maximm
concentrations, is indicated as meximum.
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JOB: CO WICHITA KANSAS - RAILROAD CENTRAL RUN: CENTRAL AND RAILROAD PREMERGER

ODATE : 6/18/97
TIME : 17:22:61

RECEPTOR - LINK MATRIX FOR THE ANGLE PRODUCING
THE MAXIMUM CONCENTRATION FOR EACH RECEPTOR

» CO/LINK (PPM)
ANGLE (OEGREES)
REC1 REC2 REC3 REC. RECS REC6 REC7 RECS RECY RECIO REC1Y RECI2
280 290 100 100 100 70 280 290 290 100 100 110
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CAL3GHC: LINE SOURCE DISPERSION MODEL - VERSION 2.0 Deted 95221
JOB: CO WICHITA KANSAS - RAILROAC CENTIAL RUN: CENTRAL AND RAILROAD PREMERGER

DATE : 6/18/97
TIME : 17:22;61

The MODE flag has been set to C for calculating CO averages.
SITE & mtmwm VARIABLES

......................... ecose

Vs = OCN/S ws .0 ow/s 20 = 175. On
Us 1.0 is ClLas = & (D) ATIN = 60. MINUTES MIXW = 1000. W AMS = .0 PPN

Lll& VARIABLES

4k G s & ==

LIIK DESCRIPTION LIK MIIAYIS (FT) - LENGTN BRG TYPE VPN EF ] V/C QUEVE
.' 1 x2 Y2 .' (FT) (DEG) (G/N1) (FT) (FT) (VEN)
ctITlAL EB Appr. -12.0 .0 -12.0 * 621, 21.6 0 44.0
2. CENTRAL EB Oueue -12.0 5™9.7 -12.0 * $40 270. AG 166. 100.0 .0 26.0 .16 27.4%
CENTRAL EB Dep. 0 -12.0 1000.0 -12.0 * &21. 21.6
. CENTRAL W8 Appr. 12.0 .0 12.0 * 386. 21.6
CENTRAL W8 Queue ] 12.0 $21.0 12.0 * 100.0
. CENTRAL.WS Dep. 12.0 -1000.0 12.0 * 21.6
Railrosd Appr. =1000.0 .0 0 .0
Railrosd Dep. . .0 .0 1000.0 * .0

»
-X-X-X-T-X-J

.13 25.2

BEBERE
E’l’(’i""i
3133353




JOB: CO WICHITA KANSAS - RAILROAD CENTRAL RUN: CENTRAL AND RAILROAD PREMERGER

DATE : 6/18/97
TIME : 17:22:6%

ADDITIONAL QUEUE LINK PARAMETERS
LINK DESCRIPTION =  CYCLE  RED  CLEARANCE APPROACH SATURATION IDLE  SIGNAL  ARRIVAL
* LENGTH TIME  LOST TIME VOL  FLOW RATE BN FAC TYPE  RATE
*  (SEC) (SEC)  (SEC) von) (WHL) (gavhr)
.............. vecsecsesscePeccconnccncesscvencncncse L D A
. CENTRAL €8 Queue * 7200 70 3.0 621 1620  469.50 1 3
S. CENTRAL W8 Ouewe * 7200 <70 3.0 38 1620 469.50 1 3

RGCIPTG LOCATIONS

COORDINATES (FT)
RECEPTOR X Y
vesececccsctcccccncsccccccPeccaccsnencnceaciancascscscranns

REC 1 (SE CORNER) . 35.0 -35.0

. REC 2 (SW CORMER) -35.0 -35.0

REC 3 (NW CORNER) -35.0 35.0

REC & (NE CORNER) 35.0 35.0

REC 5 (NE MID-13th S $0.0 35.0

REC 6 (SE MID-13th S $0.0 -35.0

« REC 7 (SE MID-RR) 35.0 -50.0

REC 8 (Sw MID-RR) -35.0 +50.0

« REC 9 (SW MID-13th § -50.0 -35.0

REC 10 (MW MID-13th -50.0 35.0

REC 11 (MW MID-RR) -35.0 50.0

REC 12 (NE MID-RR) 35.0 $0.0

® % 8809080 eacn
2 % S0 99 Se SR 0N




RUN: 13th St ST. AND RR POSTMERG INC SPEED
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1.30 PPM OCCURRED AT RECEPTOR RECG .

R
11"1111

In search of the angle corresponding to
the maximm concentration, only the first

angle, of the angles with same meximm
concentrations, is indiceted as maximum.

REC2 REC3 RECL

--.oo-..--..-.o---.-.-..-..'-.

(PPH)

JOB: CO WICHITA KANSAS - RAILROAD 13th St.
* CONCENTRAT ION

wIND
ANGLE *

THE HI